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ABSTRACT 
The present work deals with the growth responses (vegetative 
and reproductive) of winter and monsoon weeds growing in associa t ion 
with ce r t a in important crops (vdieat and maize) to a i r po l lu tan t s 
emerging out of a coal - f i red power p l a n t . The thermal power plant 
complex of Kasimpur was selected as the source of po l lu t ion in the 
present study. The complex i s s i tua ted 16 km nor th-eas t of the 
Aligarh c i ty on the r i ^ t bank of the Upper Ganga Canal which 
runs in the north-west to south-east d i r e c t i o n . The power 
s t a t i on i s capable of generating 530 MW e l e c t r i c i t y on consuming 
nearly 3,192 MT sulphur r ich low grade bituminous type of coal 
per day. In the process , enormous amounts of noxious gases, 
pa r t i cu la t e matters and ash p a r t i c l e s are re leased round the 
clock in to the a i r . 
Four experimental s i t e s of croplands namely, 'A ' , ' B ' , 
•C» and «D' located about 0 ,5 , 2, 4 and 20 km respect ively from 
the source of po l lu t ion were selected to study the growth 
responses of weeds. Wheat i s the main crop of the winter season 
and from this field 3 weeds namely, Anagallis arvensis (Primulaceae), 
Chenopodium album (Chenopodiaceae), Melilotus indicus 
(Papilionaceae) were selected. Maize is the main crop of the 
monsoon season and 2 weeds of this crop namely, Euphorbia hirta 
(i^ u^phorbiaceae), Trianthema portulacastrum (Aizoaceae) were 
selected for the study. In the present study the last site 'D' 
located at 20 km from the source was selected as a reference site 
for comparing the growth response of weeds collected from the 
other sites located within 4 km from the source. 
Ten samples of each species were collected from each sites 
arbitrarily at monthly intervals at stages varying from seedling 
to mature stage. The following parameters were selected to 
estimate the effect of air pollutants on the various parts 
(vegetative and reproductive) of the selected weeds: 
(1) Root length (2) Root biomass (3) Shoot length (4) Shoot biomass 
(5) Root:Shoot ratio (6) Leaf number plant"'' (7) Area leaf"'' 
(8) Total green leaf area plant (9) Number of floral buds plant 
(lO)Niimber of flowers plant (11 ) Number of inflorescences plant 
(12) Number of fruits plant (13) Average seed output (14) Weight 
of 1000 fruits (15) Weight of 1000 seeds (l6) Net primary 
productivity (a - daily net primary productivity at every growth 
stage b - seasonal net primary productivity). 
The data collected in the present study were analysed 
statistically and the least significant differences between two 
samples means calculated. The per cent variation i.e. per cent 
loss or per cent increase in various gorwth parameters was obtained 
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(B) Sensitivity Levels of Parameters 
The different parameters in a species viriiich exhibited 
sensi t ivi ty to a i r pollutants are arranged in the decreasing order 
of sensi t ivi ty• 
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(C) Overall Parameters Sensitivity 
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Among the five selected weeds, the different parameters 
have shown the sensitivity levels in the following order: 
Seed output > Net primary productivity > Fruit number > Total 
green leaf area > Shoot biomass > Root biomass > Leaf number > 
Area leaf"'' > Shoot length > Root length > Weight of 1000fruits > 
weight of 1000 seeds. 
(D) Sensitivity Stage 
The following list shows highly sensitive stages in the 
selected species with reference to different parameters. 
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(E) Sensitivity Levels and Local Factors 
The results obtained in the present study and some of 
the local environmental factors showed the following variations: 
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Winte r Monsoon 
Sensitivity level 
Coal consumption 
Wind direction 
(Source to site) 
Humidity 
Temperature 
R a i n f a l l 
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Maximum 
High 
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Low 
Low 
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High 
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The growth responses recorded in the present study in 
relation to distance from the source of pollution as well as to 
seasonal condition clearly indicate that the different species 
behave differently under similar set of environmental conditions 
and in different seasons. 
In general, the following conclusions have been drawn 
from the present findings: (I) Degree of response in the selected 
weeds decreased v/ith decreasing distance from the source of 
pollution. (II) The winter weeds showed a greater degree of 
response to the air pollutants than the monsoon weeds. (Ill) The 
greater response of winter weeds as compared to monsoon weeds 
may be due to high amount of coal consumption during the winter 
season than in the monsoon season, causing a greater release of 
noxious gases during winter. (IV) Besides, other factors, wind 
frequency and wind direction towards the selected sites were also 
greater during the winter season than during the monsoon season. 
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The present work was conducted under field conditions 
where a number of factors i.e. seasonal and monthly variation 
in the coal consumption rate, relative humidity, direction and 
frequency of wind, wind velocity, temperature, and rainfall etc. 
were involved. However, the analysis of results has established 
that the suppressed growth of the selected weeds by air pollutants 
is correlated with distance, age and a number of meteorological 
factors prevailing around the selected sites. To arrive at more 
valid conclusions, further studies dealing with the individual 
environmental factors and the nature of the. habitat need to be 
carried out. 
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I N T R O D U C T I O N 
Pol lut ion of the environment has increased enormously 
since the i n d u s t r i a l revolution began in the 17th century. 
Before t h i s revolut ion, mankind had ne i the r the number nor the 
technological and cu l tu ra l po t en t i a l for a f fec t ing a d r a s t i c 
change of the environment (Wolters and Martens, 1987). The 
changes t h a t were caused by man were both temporary and super-
f i c i a l (Kuenen, 1976). The human a c t i v i t y a l t e r the environment 
considerably and pol lu t ion i s Just one of the ways in which man 
changes the na tura l world (Holdgate, 1979)« Pol lu t ion can be 
defined as an undesirable change in the phys ica l , chemical or 
b io logica l c h a r a c t e r i s t i c s of land, water and a i r t ha t may or 
w i l l harmfully af fec t man, animal and/or p lan t (Odum, 1971). 
Environmental po l lu t ion includes the po l lu t ion of a i r , 
water, s o i l and n o i s e . Of these , the a i r po l l u t i on i s the most 
dangerous, which hazards d i rec t ly or i nd i r ec t l y the e n t i r e 
t e r r e s t r i a l vegeta t ion, l i f e of human beings and animals, and 
inanimate objects including the h i s t o r i c a l monuments. 
Air po l lu t ion means many things t o many people . To some 
i t i s the reduction of v i s i b i l i t y which i n t e r f e r e s with 
automobile and aeroplane t r a f f i c and views of na tu ra l grandeur. 
To i n d u s t r i a l i s t s ' , i t i s a source of poor public r e l a t i ons and 
of complaints t ha t are often Jus t i f i ed , while to l e g a l i s t s i t 
is a matter of great economic concern. To an ecologist the 
pollution means environmental degradation and toxicity to life 
supporting system comprising air, water and soil. 
Bnission of gaseous air pollutants has increased in the 
past years inspite of Increased control measures and concern for 
air quality. Predictions of future developments further raise 
the likelihood of greater emissions of noxious pollutants into 
the atmosphere (Brocke and Schade, 1971; Heggestad and Heck, 
1971; Rasch, 1971; Lewis, et al_., 1974; Schade, l975)o The 
polluted ambient air that the vegetation breaths causes a severe 
damage to plants and plant parts. 
The failure of crops and the death of trees gave ample 
proof of the adverse effects of air pollution. The significant 
and devastating effects of air pollution on vegetation have been 
studied and reported since the early 20th century (Haselhoff and 
Llndau, 1903; Stoklasa, 1923)• Numerous investigations have 
revealed that air pollution caused severe damage to plants and 
plant parts (Brewer et_ al_., 1966; Tingey et al_., 1971; 
Adedlpe et al., 1972; Bleasdale, 1973; Facteau et al^ ., 1973; 
Sharma and Butler, I973f 1975; Sharma, 1975, 1977; Krupa et al.. 
1976; Bennett and Runeckles, 1977; Pandey and Rao, 1978; 
Bell eiba^ .^, 1979; Chaphekar and Boralkar, 1979; Singh and 
Rao, 1979). Enormous information has been added to literature 
on the effects of air pollution on vegetation during the present 
decade (Ashenden and Williams, 1980; Mejestrik, 1980; 
Swannapinunt and Kozlowski, 1980; Evans et_a^., 1981; Svans and 
Lewin, 1981; Facteau and Rowe, 1981; Raza and Bano, 1981; 
Varshney and Varshney, 1981; Bonte, 1982; Evans, 1982; Krupa, 
1982, 1985; Ormrod, 1982; Dubey et al_,, 1983; Kohut and Laurence, 
1983; Pawar and Dubey, 1983; Marie and Ormrod, 1984; Pande, 
1984; Lockyer, 1985; Okano et al.,l985; Anda, 1986; Olszyk et al.. 
1986; Singh and Rao, 1986; Bytnerowioz et a^ .^, 1987; Miller, 1987; 
McCool et al_., 1987; Wright, 1987; Wolters and Martens, 1987; 
Cooley and Manning, 1988; Dueck et_ al.., 1988; Mclead £t aO^ ., 1988; 
Mulchi ejt al_., 1988; Snyder ejb al_., 1988). 
The exact value of loss caused to vegetation by the air 
pollutants is difficult to estimate. The survey made during 
the sixties in the California State (USA) alone revealed an 
economic loss of about a billion dollars per annum (Brandt and 
Heck, 1968). This survey is illustrative of the magnitude of 
the economic loss that the world community suffers due to 
industrial pollution. Ozone alone or in combination with SO2 
and/or NOp was found to be responsible for about 9096 of the 
crop loss in the United States (Heck ejb al., 1982b; Reinert, 
1984). Heck e^ al.. (I982a, 1982b) estimated the crop losses 
amounting to two billion dollars annually on assuming that the 
ozone concentration throughout the United States was 0.12 ppm h 
dailyo 
Itolike industrialized nation, air pollution problem in 
India is still localized in certain pockets, but ->xerts a 
potential threat to vegetation in affected areaso In view of 
the reports of widespread damage caused to vegetation by the 
air pollution, several centres in India have initiated studies 
on the phytotoxicity of different air pollutants during the 
past two decades. Rao and his co-workers at Varanasi studied 
responses of certain crop plants to particulate and gaseous air 
pollutants and their mixture in the field and laboratory condi-
tions (Pande and Rao, 1980; Rao et^  alL., 1981; Rao, 1985a, 1985b). 
Chaphekar and his associates at Bombay observed the adverse 
effect of air pollution (particularly SO2 and heavy metals) on 
seed germination, root and shoot development, and economic yield 
of plants (Baner^i and Chaphekar, 1978; Chaphekar, 1972, 1982). 
They also used plants for biomonitoring of dust load in 
different localities of Bombay and prepared a pollution map 
of the city (Shetye and Chaphekar, 1977). Varshney and his 
colleagues, working at New Delhi studied the impact of air pollu-
tion on leaf epidermis, pollen germinatin and fertilization 
(Varshney and Garg, 1979; Garg and Varshney, 1980; Varshney 
and Varshney, 1981). Beg and his group at Lucknow investigated 
the mechanism of phytotoxicity of SOp in greater detail in the 
laboratory conditions (Farooqe and Beg, 1982; Farooqe et_ al_., 
1985). Ahmad and his colleagues, working at the National 
Botanical Research Institute, Lucknow, studied various sensitive 
and resistant species from polluted industrial areas (Ahmad ejt al., 
1988) and investigated the cuticular and epidermal features of 
leaves, height, phytomass, chlorophyll pigment and the protein 
content of plants under pollution stress (Yunus et_ a^ .^, 1979, 1982, 
1985a, 1985b; Yunus and Ahmad, 1980, 1981, 1983; Singh et_ a^., 
1985). Dubey and his associates at Ujjain, conducted studies . 
on the effects of SOp and fly ash on chlorophyll content and 
dry matter production of crop plants (Dubey et^  al., 1982a, 
1982b). Similar studies have been carried out by Mishra (1980) 
and Mishra and Shukla (1986a, 1986b) at Kanpur. Das et_ al^ . 
(1981) working at Calcutta, made a comparative study of the 
dust filtering potential of some common Indian avenue trees. A 
study of the impact of cement dust pollution on crop yields 
was carried out by Parthasarthy et_ al_, (1975) and Oblisami et_ al. 
(1978) in Tamil Nadu. Ghouse and his associates, working at 
Aligarh, have studied various trees, shrubs, weeds and vegetables 
under the stress of environmental pollution caused by the 
Kasimpur Themnal Power Plant Complex, Aligarh (Ghouse and Amani, 
1978; Ghouse et_ al.., 1980, 1984c, 1986; Khan, 1982; Ghouse and 
Khan, 1983, 1984; Gupta and Ghouse, 1986; Gupta et al., 1988). 
India has vast resejrves of coal. Nearly 1/3 of this coal 
is consumed in thermal power plants. The thermal power plants 
thus contribute the maximum to air pollution (Varshney and Garg, 
1978), and hence form the major source of atmospheric pollution 
in India. According to 1980 estimates, 13 million tonnes of 
fly ash, 4,80,000 tonnes of SO2, 2,80,000 tonnes of NO^,16,000 
tonnes of CO and 5,000 tonnes of hydrocarbons are released in 
the atmosphere each year by our thermal power stations (Shanna, 
1986). curing the past fifty years severe more thermal power 
stations/super thermal power stations have been added and many 
more are l i k e l y to be commissioned in future years . This may 
further aggravate the already serious problems of environmental 
po l lu t ion in var ious pockets of the country. One thermal power 
s t a t ion capable of generating 530 IW e l e c t r i c i t y , i s s i tua ted 
a t Kasimpur town of Aligarh d i s t r i c t about 15 km (road d is tance) 
nor th-eas t of the Aligarh- c i t y , between 27°59'N and 28°3'N 
l a t i t ude and 78°8 'S and 78°93«E longitude, about 187 meters 
above the sea l e v e l . The power plant complex cons i s t s of three 
power s t a t i ons *A', 'B ' and 'C* (C^ and C2). The coal consumed 
here i s of sulphur r i c h , low grade, bituminous type . The 
average t o t a l amount of the coal consumed per year comes t o be 
about 1,165,069 metric t o n s . On combustion, i t produces 
enormous amounts of smoke containing noxious gases (mainly 
oxide of sulphur, carbon and n i t rogen) , pa r t i cu l a t e mat ters and 
ash. The e l e c t r o s t a t i c p r e c i p i t a t o r s often f a i l to maintain the 
po l lu t ion l eve l below the maximum permissible concentrat ion in 
the l o c a l i t y . 
Recently the po l lu t an t s from such sources have been found 
to af fect adversely the normal growth and development of some 
wasteland weeds (Amani ejb al_., 1979a; Amani, 1982; Chouse and 
Khan, 1983, 1984; Khan and Khair, 1984, 1985a, 1985b; Khan, 1985; 
Khan and Ghouse, 1988), vegetable crops (Amani and Ghouse, 1978; 
Gupta, 1981; Gupta and Ghouse, 1986, 1987b) and some timber 
t r ees (Ghouse and Amani, 1978; Khan, 1982; Gupta et. aO^., 1988). 
Anatomical d isorders have a l so been no"^ed in ce r t a in weeds 
(Amani et, al_., 1979b; Zaidi e t a l , . , 1979; Khan et. a^^., 1984; 
Iqbal et al., 1986, 1987; Mahmooduzzafar ejt al_., 1986, 1987; 
Saquib and Ahmad, 1986; Gupta and Ghouse, 1987a) and in bark 
(Ahmad and Khan, 1986; Kalimullah et al_., 1987) and wood of 
certain tropical trees (Ghouse and Khan, 1978; Ghouse et al., 
1984a, 1984b, 1986; Gupta et al., 1988). 
Despite the efforts of earlier workers to measure 
responses of plants to several air pollutants in varying doses, 
duration and combinations as well as to environmental factors 
influencing the nature and degree of the response in vitro and 
in vivo, several important aspects are yet to be covered. Further, 
the available data are not enough for being utilised to draw any 
generalisations or prepare a mathematical model for predicting 
the response of given plants under a known set of environmental 
factors. In view of the fact that (I) sensitivity of a plant is 
influenced by the environmental conditions and seasonal varia-
tion, (II) the plant response varies with age, and (III) different 
species have different sensitivity levels, and tolerant and 
susceptible doses of different pollutants, different species 
respond differently to pollutants and their combinations. 
Therefore, the response of a given species may vary with a 
change in ecological factors and the ecosystem in which it 
grows. 
Weeds grow wild in nature and show little heterogeneity 
compared to cultivated plants. Besides, they exhibit remarkable 
stability and purity. The present work deals with the responses 
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of weeds growing in association with certain important crops of 
the locality around the Thermal Power Plant Complex of Kasimpur. 
Attempts were made by earlier workers to study the 
response of several weeds growing wild in the grasslands around 
this locality. However, we do not know whether the responses 
of weeds to air pollution differ in an agroecosystem. In the 
present study the attempt has been made to bridge this gap of 
information. Some of the weeds in the present study showed a 
great variability in the degree, type and level of response than 
those associated with the grasslands as reported earlier by 
Khan (1985). 
M A T E R I A L A N D M E T H O D S 
The following plan of work was la id down to study the 
e f fec t of a i r po l lu tan t s on weeds growing in an agroecosystem. 
2.1 Se lec tion_of_Pollut ion_Sciurce 
Ttie Kasimpur Thermal Power Plant Complex was se lec ted 
as source of po l lu t ion in the present studyo The complex i s 
s i tua ted about 16 km nor th-eas t of the Aligarh c i t y (Fig. 1 ) , 
I t was es tab l i shed a t Kasimpur about 45 years back on the r i g h t 
bank of the Upper Ganga Canal which runs in the north-west to 
south-eas t d i r e c t i o n . The complex includes three power s t a t i o n s , 
•A', 'B ' and ' C (C-, and C2), having a capacity of 90MW, 210MW 
and 23OMW e l e c t r i c generation respect ively (Plate 1 ) , 
The power p lan t s run on sulphur r ich low grade, bituminous 
tjrpe of c o a l . This coal i s brought from d i f fe ren t c o l l i e r i e s of 
north Ind ia . In general i t cons is t s of approximately 2.9% 
moistures, 22.2% ash, 31.8% v o l a t i l e matters including 0.48% 
sulphur, 5.6% hydrogen, 5.23% nitrogen, 2.3% oxygen and 42.5% 
fixed carbon (Table 1 ) , 
The data on the coal consumption in the complex (Table 2) 
reveal t h a t the consumption per year comes to be about 3,16,067 
metric tons for the power p lant 'A' , 5,20,981 metric tons for 
the power p lan t *B«, 1,19,713 metric tons for the power p lan t C-j, 
and 2,08,308 metric tons for he power p lant C^, The t o t a l 
amount of the coal consumed per year in a l l the s t a t i o n s i s 
Plate I : Photographs showing the Kasirapur Thermal Power 
P l a n t Complex e m i t t i n g smoke c o n t a i n i n g v a r i o u s 
p o l l u t a n t s . 
A. Power P l a n t 'A* 
Bo Power P l a n t s ' B ' & ' C 
PLATE 1 
KOIL TAH5IL (ALIGARH) 
• / KAS IMPUR»»^^ / 
J^^ / y ^ \ " \ 1 
S / a \ ° u \ 
\ ^"^"'^^......^^ OiALIGARH \ 
1 ^ RAILWAY TRACK ^ ^ ' - ~ ' ' " ~ - ~ ^ ' ' ' " \ „ ^ 
[ = ] UPPER GANGES CANAL 0 
L 1 
p ^ ROADS 
f o l EXPERIMENTAL SITES 
Fjg.l 
3 KM 
TABLE 1 
Chemical Ana lys i s of Coal c o l l e c t e d from the impor tan t c o l l i e r i e s 
of India (Courtsey of AEE Thermal Power P l a n t Complex, Kasimpur) 
Name of % % % % f i x - % % % % C a l o r i - Tempe-
c o l l i e - Mois- Ash Vola- ed S u l - Hyd- N i t - Oxy- f i e r a t u r e 
r i e s t u r e t i l e carbon phur r o - r o - gen va lue of 
Mat t - (by gen gen c o a l 
e r s d i f f e - b u m 
rence ) ing 
Badjana 1,0 22 .7 31.2 44 .2 0 ,33 5.14 5,10 20,51 5717.1 1400 
Bejdih 2 . 8 22 ,7 34 ,0 39 .8 0.59 6.99 5.50 20.51 5888,8 1400 
Centre 5 , 8 19 ,6 31 .2 43 .0 0.35 5,21 5 ,16 20,32 5906.0 1400 
Salgram 
Kathara 2,1 20 ,6 30 ,6 46,1 0 ,56 5,14 4 . 9 6 19.86 5611.6 1400 
Methani 3 .0 22 .2 3 2 . 8 41 .4 0.55 5.74 5 .46 20.40 5988.4 1400 
P l i d i h 2 , 8 25.1 31.4 40 .2 0 .56 5.41 5 .23 19.95 5547.7 1280 
Average 2 .9 22 .2 31 .8 42 .5 0 .48 5 .60 5 .23 20.30 5776.6 1380 
TABLE 2 
Coal consumption figure in the Thermal Power Plant Complex in Metric Tons 
(An average of three years data). 
Months 
November 
December 
January 
February 
March 
AprU 
May 
June 
July 
August 
September 
October 
Total in winter 
(November-March) 
Monthly average 
(winter ) 
Winter da i l y average 
I8^i l i?ul^ ' 
Sussaer monthly average 
Summer da i l y average 
Tota l i n Monsoon 
(July-October) 
Monsoon monthly average 
Monsoon d a l l y average 
Annual consumption 
Average Monthly 
consumption 
Average d a i l y 
consumption 
~A 
3^,578 
26,558 
26,683 
23,735 
20,196 
32,095 
28,819 
28,882 
25,866 
21,405 
18,974 
28,276 
131,750.00 
26,350.00 
872.52 
89,796.00 
29,932.00 
986.77 
94,521,00 
23,630.30 
768.46 
316,067.00 
26,338.92 
865.94 
POWER STATIONS 
B 
47,632 
45,303 
5 8 , 6 ® 
50,282 
34,611 
35,428 
38,582 
44,876 
39,861 
49,356 
44,301 
32,064 
236,513.00 
47,302.60 
1,566.31 
118,886.00 
39,628.70 
1,306.44 
165,582.00 
41,395.50 
1,346.20 
520,981.00 
43,415.08 
1,427.35 
^1 
2,204 
5,682 
22,169 
21,142 
29,775 
5,475 
2,759 
2,629 
9,658 
2,697 
5,865 
9,658 
80,972.00 
16,194.40 
536.24 
• 10,863.00 
3,621.00 
119.37 
27,878.00 
6,969.50 
226.65 
119,713.00 
9,776.08 
327.28 
^2 
16,570 
20,563 
14,790 
19,778 
21,948 
10,429 
6,208 
19,429 
22,562 
18,026 
19,856 
18,149 
76,654.00 
15,330. 
507. 
54 ,575 . 
18 ,191 . 
599. 
77 ,079. 
80 
64 
,00 
70 
73 
.00 
19,269.80 
226.66 
208,508.00 
17,359.00 
570. .71 
To ta l monthly 
consumption 
100,984 
98,106 
122,327 
144,937 
106,530 
83,427 
76,368 
95 ,816 
97,947 
91,484 
88,996 
88,147 
525,889.00 
105,177.80 
3,482.71 
274,120.00 
91,373.40 
3,012.31 
365,060.00 
91,265.00 
2,967.97 
1,165,069.00 
97,089.08 
3,191.97 
Source : Courtsey of A£E, Thermal Power Plant Complex of Kasimpur (only monthly data); 
Seasonal figures reproduced from the above data. 
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1» 165,069 metric tons . The dai ly average coal cunsumption in 
winter season comes to about 3,482.71 metric tons day followed 
~1 by 3,012.31 metric tons day in summer season and 2,967.97 metric 
tons day in monsoon season (Table 2 ) . 
The coal subjected to a very high temperature (l200^0 -
1400°C) in the power plant produces noxious gases, p a r t i c u l a t e 
matters and ash, in far greater q u a n t i t i e s . These eff luents 
are released in to the atmosphere through t a l l chimneys. Table 3 
shows the amounts of the oxides of sulphur, n i t rogen, and carbon 
—1 ""1 
( in kg hour and ppm hour ) released from the source. The 
average amount of gases was the maximum during winter and the 
minimum during monsoon season. 
2.2 Ge ograEhical_Se t::;u2 
The Aligarh d i s t r i c t i s s i tua ted in Uttar Pradesh in a 
f e r t i l e ag r i cu l tu ra l p la in between the Ganga and Yamuna ( r i v e r s ) . 
H i s to r i ca l l y the p la in i s known as 'Doab*. Geographically the 
Aligarh d i s t r i c t f a l l s between 27°29'N and 28°11'N l a t i t u d e and 
77°29*E and 78°38'E longitude (Fig . 2) a t about 187 meters above 
the sea l e v e l . The Kasimpur town, the s i t e of the thermal power 
plant complex, i s located in the Morthal Pargana of Koil Tahsil 
( D i s t r i c t sub-divis ion) of Aligarh between 27°59'N and 28°3'N 
l a t i t u d e and 78°8'E and 78°93'fi longi tude . 
2 .3 Topographical Set-uP 
All the sites selected for the present study have similar 
soil structure categorised by the Agriculture Directorate (Soil 
6 0 
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TABLE 3 
Amount of gases r e l e a s e d from the Chimneys of the Thermal Power 
P l an t Complex i n d i f f e r e n t months (Average of t h r e e y e a r s ) . 
Months 
November 
December 
January 
February 
March 
Apr i l 
May 
June 
Ju ly 
August 
September 
October 
Winter Average 
(Nov.-March) 
Oxides 
XlO^kg/ 
hour 
0.135 
0.127 
0.158 
0.164 
0,138 
0.111 
0.098 
0,128 
0.126 
0.122 
0.115 
0.114 
0.1444 
of SOp 
ppm/ 
hour 
0.013 
0.013 
0.016 
0.016 
0.014 
0.011 
0,010 
0 .013 
0.013 
0.012 
0.011 
0.011 
0.0144 
Oxides 
XlO^kg/ 
hour 
2.412 
2.268 
2.828 
2.942 
2.463 
1.996 
1.766 
2.290 
2.264 
2.184 
2.057. 
2o038 
2.5826 
of NO2 
ppm/ 
hour 
0,241 
0.227 
0 .283 
0.294 
0 ,246 
0.199 
0.177 
0.229 
0 .226 
0 .218 
0 .206 
0.204 
0.2583 
Ox ide s 
XlO^kg/ 
hour 
21.843 
20.536 
25.604 
26.636 
22.299 
10.845 
15.985 
20.738 
20.502 
19.777 
18.629 
18.459 
23.3836 
of CO2 
ppm/ 
hour 
2.184 
2.054 
2.560 
2.664 
2.230 
1.084 
1.598 
2.074 
2.050 
1.978 
1.863 
1.846 
2.3384 
Summer Average 
( A p r i l - J u n e ) 
Monsoon Average ( Ju ly -Oc tobe r ; 
Annual Average 
0.1123 0.0112 2.0167 0.2017 15.8560 1.5856 
0.1192 0.0119 2.1357 0.2136 19.3417 1.9342 
0.1279 0.0128 2.2922 0,2292 20.1544 2.0154 
SOURCE : Courtsey of AEE, Thermal Power P l a n t Complex of Kasirapur. 
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Survey and Research, Aligarh) as type I I I so i l of Aligarh (Figo 3) . 
This so i l i s character ised by loam and clayey loam type of s o i l 
with a very high pH value and very poor drianage system (Table 4 ) . 
The layer of loam and clayey loam l i e s to the depth of 2.0 to 6.0 
meter from the surface . The quanti ty of clay i s maximum in the 
top layer and i t decreases gradually dovmwards. The so i l in t h i s 
region i s ash to ash-grey in colour and becomes black when moist . 
The physico-chemical, chemical and mechanical analysis of s o i l 
i s given in Table 5 . 
2.4 Meteorology 
The Aligarh d i s t r i c t experiences a dry and t rop ica l 
monsoon type of climate with the seasonal rhythm marked by a 
nor th-eas t to south-west monsoon. Climatewise, the year i s 
d iv i s ib le in to three seasons v i z . , cold weather season (Winter), 
hot weather season (Summer) and rainy season (Monsoon), 
2.4.1 Winter Season (^ad October to Mid March) 
In mid-October the south-west monsoon s t a r t s declining 
and ceases completely by the end of November. In t h i s season, 
a r e l a t i v e l y low pressure e x i s t s over the Indian seas and causes 
the wind to blow from the land towards the sea, "nie beginning 
of winter season i s marked by a considerable f a l l in temperature 
(Fig, 4 ) . The mean maximum temperature of November (29.4 C) f a l l s 
in December (21.6 C). The temperature fur ther f a l l s in January 
(21.0 C) while the average minimum monthly mean temperature f a l l s 
from 13.1 C t o 6o9°C in December and t o 7.0°C in January (Fig. 4 ) . 
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TABLE 4 
Classification and traits of the Kasimpur Soil (Aligarh type 
III Soil). 
Classification 
Soil type Soil Phase 
Traits Kasimpur Soil 
Aligarh loam 
Aligarh Clayey 
loam 
Aligarh Clay 
Aligarh loam 
(Halomorphic) 
Profile 
development 
Colour 
Concretion 
Sequoxides 
(Ca+Mg : Al) 
Lime 
Soluble Salts 
Magnesia 
PH 
Clay 
Drainage 
Mature 
Ash grey-dark 
grey t o Black 
Kankar 
High-more 
illuviation 
High more at 
bottom 
High 
Less than lime 
7.6 to 8,6 or 
above 
No migration 
maximum at the 
source 
Very poor 
SOURCE : Agricultural Directorate (Soil Survey and Research), 
Aligarh. 
TABLE 5 
Physico-chemical and Mechanical a n a l y s i s of s o i l samples c o l l e c t e d i n 
d i f f e r e n t seasons from v a r i o u s depths a t Kasimpur, 
Season 
Depth ( i n cms) 
Phjrsical Ana lys i s i^) 
Moisture ho ld ing 
c a p a c i t y 
PH 
To ta l exchangeable 
bases 
Exchangeable Ca 
Exchangeable Mg 
Exchangeable Na + K 
Cb£ffiical_Anaiysis_l26) 
Moisture a i r 
Loss of i g n i t i o n 
HCl i n s o l u b l e 
Sequioxides 
Fe203 
P2O5 
AI2D5 
CaO 
MgO 
K2O 
CO 
Water s o l u b l e s a l t s 
Carbonates (Na- CO,) 
Bicarbona tes (NaHCO,) 
To t a l Ni t rogen 
Chlor ides (NaCl) 
Sulphate (Na2S0^) 
Winter 
0-15 
45.81 
8.20 
10.52 
9.32 
0.70 
0.50 
0 .58 
2 .14 
81 .03 
12.20 
4 .56 
0.09 
7.55 
1.26 
0,47 
0.57 
0.57 
0.071 
Ni l 
0.052 
0.075 
0.011 
4 . 1 3 
Mechanical Analys i s ^2 )^ 
Sandy coarse sand 
Fine sand 
S i l t 
Clay 
1.40 
46 .98 
22.13 
22.04 
15-30 
44 .98 
8.20 
8.72 
7 .68 
0 .68 
0 .46 
0.45 
1.88 
81.72 
11.10 
4 .16 
0.09 
6.85 
1.96 
0 .54 
0 .68 
1.29 
0.669 
0.009 
0.035 
0.071 
0.015 
4 .10 
1.13 
51.99 
20.05 
22.25 
Summer 
0-15 15-30 
45.05 
8.40 
9.75 
8.75 
0 .58 
0.42 
0.49 
1.77 
80.03 
11.35 
4 .35 
0.083 
6.13 
0 .98 
0 .46 
0 .63 
1.15 
0.075 
0,003 
0,047 
0,078 
0,018 
Ni l 
1.27 
59.35 
21.01 
21.56 
45.85 
7c90 
8.55 
7 .74 
0.55 
0 .26 
0.42 
1.31 
74.71 
10.76 
4 .40 
0 .08 
6.29 
0.57 
0.59 
0.65 
1.35 
0.072 
1.001 
0,050 
0.073 
0.017 
Ni l 
1.79 
42.89 
21,00 
21o38 
Monsoon 
0-15 
47 .80 
8.04 
9.87 
9.31 
0.69 
0 .48 
0.57 
1.69 
81.37 
11.39 
4 .09 
0.075 
6.59 
0 .97 
0:99 
0 ,68 
1,21 
0.081 
0 ,008 
0o048 
0.079 
0.017 
5 .73 
1.35 
52.31 
20.37 
22.70 
15-30 
47.75 
8.43 
9 .98 
9.65 
0 .58 
0.47 
0 .49 
1.70 
80.01 
11.46 
3.45 
0.096 
6.31 
0 .98 
1.03 
0.71 
1.25 
0.081 
0.007 
0.047 
0.063 
0.017 
5 .23 
1.43 
52.01 
21 .76 
23.56 
SOURCE Agriculture Directorate (Soil Survey and Research), Aligarh. 
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In these months nights are very cold but days are compratively 
warmer. The ear ly mornings are foggy in December and Januarys 
The wind d i r ec t ion during winter i s predominantly from 
eas t and south-east to west and north-west (Fig, 7 ) . The winds 
are very l i g h t and blow generally a t an average speed of 7 km 
hour (Table 6 ) . The winds are mostly dry and of cont inenta l 
o r ig in . The amount of r a i n f a l l i s small, i r r egu l a r and sporadic 
(Fig, 5 ) . By the end of February, the temperature begins t o r i s e 
rapidly and i s followed eventually by hot weather of summer, 
2,A ,2 Summer Season (Mid March to Mid Jtine) 
This season begins in March and continues u n t i l l a t e June. 
The beginning i s marked by an appreciable r i s e in temperature 
and a decrease in pressure u n t i l May, Due to a wide range of 
temperature during the summer months, days are very warm and nights 
r e l a t i v e l y p l easan t . The maximum and minimum temperatures in 
March are 30,9°C and 14,1°C respec t ive ly . In May and June, the 
maximum temperature continues to be as high as 38,2°C and 
39,1 C (Fig. 4 ) , In May, days are character ised by hot and dry 
a i r tha t blow hard. The r e l a t i ve humidity decl ines from 64.6?^ in 
March to 44.6% in April (Fig, 6 ) . 
The wind ve loc i ty increases s tead i ly from March when the 
average wind speed i s about 6,81 km hour , and reaches the 
maximum (8.87 km hour ) in June (Table 6 ) , The monthly averages, 
however, do not give a cor rec t idea of the ve loc i ty of these winds 
as i t i s l i a b l e to great va r i a t i ons during the twenty four hours . 
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TABLE 6 
Mean Wind Velocity (Km/hr) at Kasimpur site 
Months 
November 
December 
January-
February 
March 
April 
May 
June 
July 
August 
September 
October 
Annual 
SOURCE : Meteorological Department (Government of India), 
Aligarh Unit. 
8.30 hrs 
7.55 
7.76 
8.22 
8.51 
9.82 
11.215 
11.425 
11.785 
11.050 
9.57 
9.138 
7.835 
9.165 
17.30 hrs 
1.638 
1.744 
2.234 
2.578 
3.802 
4.625 
5.049 
5.955 
3.522 
3.218 
3.218 
1.985 
3.507 
Averai 
4.594 
4.752 
5.227 
5.544 
6.811 
7.920 
8.237 
8.870 
7.286 
6.178 
6.178 
4.910 
6.336 
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Nights are usually calm, but the wind blow increases rapidly 
from 8 a.m. to 2 p.m., becoming almost a gale during 10 a.m. to 
12 noon. I t f a l l s rapidly by 5 p.mo and becomes very l i gh t or 
nearly calm. The short l ived dust and thunder storms often 
accompanied by small amount of ra ins are frequent in the a f t e r -
noons or even during the n i ^ t s of the summer season. The wind 
ve loc i ty reaches 50-60 km hour . The frequency and strength 
of such storms increase with the advancing season. The ra ins 
a r e , however, r a r e , sporadic, shor t - l ived and va r i ab le in amounts. 
The t o t a l r a in f a l l during the summer (mid March to mid June) 
i s 55 .A mm. 
2 • 4 . 3 Monsoon Season ,(iBj.d,.,JBne, t o pijLd October) 
In the l a t e June, the a r r i v a l of occeanic cur ren ts in 
the form of monsoon causes the atmospheric temperature to f a l l 
and the a i r to become cooler and pleasing than in summer. The 
average maxim\am and minimum temperatures f a l l s from 39.1 °C -
26.2°C in June to 33.5°C-25*1?C in July (Fig . 4 ) . The r e l a t ive 
humidity increases from 57.896 in June to 83.2% in July (Fig. 6 ) . 
The clouds generally overcast the troposphere during the whole 
season with occassional c l ea r ing . The time of the onset and 
r e t r e a t of the monsoon var ies from year t o yea r . I t generally 
r a ins from the l a t e June or ear ly July u n t i l September or mid 
of October. The heaviest downpour of the season i s recorded to be 
about 236.0 mm during August (Fig, 5 ) . 
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2.5 Selection_of _Sites_(^Field_Station) 
Four s i t e s of crop f i e ld s namely s i t e 'A ' , *B', ' C and 
•D' located in a b e l t of almost s imilar edaphic factors as well 
as ecological and ag r i cu l t u r a l conditions were selected for the 
present study. The f i r s t s i t e (A) was maintained a t 0.5 km from 
the source, while the s i t e s 'B«, ' C and 'D* were 2, 4 and 20 km 
away from the source of po l lu t ion . The l a s t s i t e (D) located 
20 km away from the source and having apparently a negl igible 
a i r po l lu t iona l s t r e s s was selected as a reference for comparison. 
These s i t e s were along the canal side in the downstream d i r ec t ion 
since the wind predominantly blows in t h i s d i rec t ion for most 
p a r t of the year (Fig . 7, 8, 9, 10)o 
2.6 Crop System andAgricultural Practices 
A preliminary survey of Kasimpur and i t s surrounding 
l o c a l i t y was made up t o a distance of 20-25 km leeward to c o l l e c t 
information regarding the loca l system of a g r i c u l t u r a l p r a c t i c e s . 
I t was revealed tha t the whole year i s d iv i s ib l e in to two major 
crop seasons, l oca l ly ca l led as *Rabi* season and ' K h a r i f season. 
The Rabi season commences from l a t e November or ear ly December 
and extends u n t i l ea r ly to mid Aprilc The Kharif season 
commences with the a r r i v a l of monsoon in the l a t e June or ea r ly 
July and extends u n t i l l a t e September or ear ly October, Wheat 
(Triticura aestivum) i s the major crop of iSabi season vriiile 
maize (Zea mays) i s tha t of Kharif season. Both are grown e i t h e r 
as pure crops or mixed crops with other crops of the respect ive 
Fig,7 The number and bars show the frequency of winds 
in the respective d i r ec t ions (The values are 
based on two observations a day obtained in the 
morning and evening). 
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Fig.8 The number and bars show the frequency of winds in 
the respective d i rec t ions (The values are based on 
two observations a day obtained in the morning and 
evening). 
FREQUENCIES OF WIND IN DIFFERENT DIRECTIONS 
IN SUMMER SEASON 
10 8 
DIRECTIONS 
1 N M 
AVERAGE/MONTH 
Fig.8 
Fig, 9 The number and bars show the frequency of winds in 
the respect ive d i r ec t ions (The values are based on 
two observations a day obtained in the morning and 
evening)o 
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season i . e . , wheat with mustard and maize with Ga.-janus cajan 
and/or Riaseolus mungo. The present study inves t iga tes the a i r 
po l lu t ion induced a l t e r a t i o n s in weeds growing in associa t ion 
with the pure wheat (var . HD-1553) crop of the Rabi season and 
pure maize ( v a r . T ^ I ) crop of the Kharif season. 
The major source of nu t r i en t s for the wheat crop i s the 
compost manure (@ 1 MT ha~ ' ) and the chemical f e r t i l i z e r 
Di-ammonium Phosphate [(NI^)2.HP04 @ 125 kg ha~^ ] and urea 
(NH2 -^-NH2 @ 125 kg ha""''). The crop i s i r r i g a t e d four or five 
times during the season depending upon the required normal 
moisture. The high y ie ld ing c u l t i v a r s of wheat under pract ice 
are UP-2003 (Agric. Univ. Pant Nagar, 1980); HD-22004 ( l .AcR.I . , 
Delhi, 1979); HD-2285 ( I . A . R . I . , Delhi, 1983); HD-1553 ( I . A . R . I . , 
Delhi, 1967). However, HD-1553 i s preferred by the loca l 
farmers. The weeds of the wheat croplands are not dominant and 
do not commonly require weeding. 
Maize (Zea mays). the main crop of the Kharif season, i s 
sown in l a t e June or ear ly July and matures, in l a t e September 
or ear ly October. Urea (NH2 -C-NH2 ® 125 kg ha"'' ) i s the main 
chemical f e r t i l i z e r supplied 10 to 15 days a f t e r germination 
following weeding, harrowing and a shower of r a i n . Generally, 
t h i s crop does not require any addi t ional i r r ega t ion in view of 
the suf f ic ien t downpour in the region during the season. Usually 
weeds are removed once (10-15 days a f t e r germination). Naveen 
(Agric. Uhivo Pant Nag-ar, 1979); T-41 (Local, UP) and Kanchan 
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(Agrlc, Uhiv. Pant Nagar, 1982) are the main c u l t i v a r s of maize 
in t h i s region. However, T-41 i s more popular among the loca l 
farmers. 
2.7 Selection of Weeds 
In the present study f ive weeds moire commonly associated 
with the selected croplands weire studied for t h e i r growth 
responses a t various ages to varying l eve l s of po l l u t an t s t ha t 
reach the selected s i t e s , 
2.7.1 Winter Weeds of Rabi Season 
Three weeds selected from wheat croplands are : 
I . Anagallis arvensis L. - Primulaceae 
IIo Chenopodium album L. - Chenopodiaceae 
I I I . ffelilotus indicus (L.)A11, - Papilionaceae 
2.7 .2 Monsoon_Weeds_of_Kharif_Seas^ 
The following weeds were selected from maize c ropf ie lds : 
I . Euphorbia h i r t a L. - Buphorbiaceae 
I I . Trianthema portulacastrum L, - Aizoaceae 
2 .8 Botanical Description_of the Selected_Weeds 
Anagallis arvensis Linn, 
Annual, erect or procumbent much branched, glabrous herb, 
Stem herbaceous, branching from base, 4-angled, sometimes minutely 
winged. Leaves simple, opposite, ovate to narrowly la)nceolate 
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acute to subacute, rounded a t base, brown to black spots often 
well marked near base, Sepals 5, connate, calyx-lobes l i n e a r -
lanceola te , Pe ta ls 5 , connate in to ro t a t e coro l la tube, purple-
blue, corol la lobes ovate-orbicular , c i l i o l a t e along the margins, 
3-4-cel led beaded h a i r s , Stamens 5 , f ree , inse r t ed on corol la tube; 
f i laments f i l i form, coloured, densely covered with beaded h a i r s , 
anthers 2-cel led, obtuse. Ovary 1-celled, globose, glabrous, 
ovules on free cen t ra l placenta ; s ty le 1, f i l i fonnc Capsule 
globose, seeds l i gh t brown to dark brown. 
Chenopodlum album Linn, 
An e rec t , annual herb, 20-iBO cm high. Stem angular, 
r ibbed, Leaves ovate, e l l i p t i c -ob long coarsely s e r r a t e -den ta t e ; 
younger ones white-mealy toroentose. Flowers in paniculate 
c l u s t e r s , combined into terminal p a n i c l e s . Per ianth segment 5, 
basa l ly connate, ovate. Stamens 5 , opposite to pe r i an th - lobes , 
exceeding,Utricle depressed-globose, f ine ly p a p i l l a t e , 1-seeded. 
Seeds compressed-lenticular, dark-brown, 
Melilotus Indicus Linn. 
An erec t or ascending annual he rb . Stem f ine ly long-
hairy in younger por t ion . Leaves 3- i 'o l ia te , l e a f l e t s obovate, 
shor t ly dentate above the middle, rounded or marginate. Flowers 
in a x i l l a r y racemes, 10-30 flowered. Sepals 5, connate, f inely 
pubescent. Pe ta ls 5, pale-yellow, standard oblong, wings obtuse 
adhering to kee l . Pods broadly el l ipsoid-subg^obose, short ly 
ap icu la t e , glabrous, r e t i c u l a t e l y veined, usua l ly 1-seeded. 
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ra re ly 2-seeded, Seeds compressed-oval, with a small c i r cu l a r 
hilum near the edge of one end, greenish-brovm. 
Euphorbia hirta Linn. 
An e r ec t or ascending herb, 15-60 cm long branches. Stem 
clothed with yellowish brown crisped h a i r s . Leaves oblong, 
sparsely hairy , often with a reddish brown spot aboveo Cyathia in 
ax i l l a ry cymes. Involucral glands yellowsih-green, mostly without 
appendages or sometimes minute. Capsule appressedly pubescent. 
Seeds quadrangular-oblong, reddish-brown, minutely r ibbed. 
Trianthema portulacastrum Linn. 
An annual, much blanched decumbent or ascending herb . 
Stem herbaceous, purple t inged, scarsely hai ry in row. Leaves 
a l t e r n a t e or subopposite, glabrous or scarsely pubescent on 
ve ins , subfleshy, green with purple or pirk margins, rounded or 
obtuse a t apex, pe t i o l e s sheathing a t base forming a pouch l i ke 
s t r u c t u r e . Flowers so l i t a ry in the a x i l s of pouch or between 
the forks of branches, b rac tea te , pink or l i g h t pu rp le . Perianth 
lobes 5 , basal ly connate to form perigone, free por t ion of 
per ianth segment purple or pink. Stamens 15-20, f ree ; fi laments 
f i l i form, pink; anther 2-cel led , dors i f ixed. Ovary 1-celled, 
many ovuled, s t y l e 1, shor t . F ru i t a capsule. Seeds sub-reniform 
black, shining, rugose. 
2.9 Paragetgrs 
The following parameters were selected to study and 
measure the effect or air pollutants on various parts of the 
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weeds c o l l e c t e d a t monthly i n t e r v a l s from the s e l e c t e d s i t e s of 
the c rop land , 
1• Root l e n g t h 
2 . Root Momass 
3 . Shoot l e n g t h 
4 . Shoot biomass 
5 . Root : Shoot r a t i o 
6o Leaf number p l a n t 
-1 
7o Area l e a f 
8, Total green leaf area plant 
9. Reproductive responses 
(a) Number of floral buds plant 
(b) Number of flowers plant 
(c) Number of inflorescences plant 
(d) Number of fruits plant"'' 
(e) Average seed output 
(f) Fruit weight 1000"'' fruits 
(g) Seed weight 1000"'' seeds. 
10o Net primary productivity 
(a) Net primary productivity plant""'' day"'' 
(b) Net primary productivity plant"'' season"^ or 
-1 
year 
To study the above parameters, ten weeds- of each species 
from each site were collected arbitrarily at monthly intervalr 
from seedling stage to the mature or old stage. 
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Root and Shoot Length 
The length of root and shoot was measured in cm with the 
help of a meter scale. The shoot length started from the ground 
level (including the hypocotyl) to the tip of the main shoot 
axis. The length of tap root was measured from the ground to the 
root tipc 
Root and Shoot Biomass 
To find out the biomass of root and shoot, the samples 
were oven dried separately at 80 C for 48 hours and the dry 
weight in grams was determined on a chemical balance, 
—1 —1 
Area Leaf and Total Green Leaf Area Plant 
The outlines of randomly selected ten leaves were drawn 
on a tracing paper and the area occupied was measured with the 
help of a planimeter. In case of very small leaves, the area 
was determined by graph paper. 
The average area of a single leaf was multiplied by the 
total number of leaves per individual to obtain the total green 
p —1 
area of leaf in cm"^  p lant 
Number of_Floral_BudS|^_FlowerS|j^ -^^^2£^§£®5£®?r_EEyi55 ^5^_5i£*^ 
Plant"'' 
Ten p lan t s of each species were a r b i t r a r i l y selecte a t 
each s i t e of the cropfield and marked for the study of f l o r a l 
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p a r t s . The f l o r a l buds, flowers, inf lorescences and f ru i t s were 
counted a t regular i n t e r v a l s . The t o t a l number of each of these 
parameters was obtained a t the end of the season. Average seeds 
plant were obtained on the bas i s of average seed nvunber in ten 
f r u i t s randomly selected on maturi ty from each speciesc 
Net_Primary_Productivi;^ 
The biomass plant at any stage was divided by the age 
-1 —1 
of the plant to obtain the net primary productivity plant day 
The initial biomass of weeds was taken as zero on the date of 
sowing of wheat, while in case of the weeds collected from the 
maize cropland the initial biomass was taken to be zero at the 
time of first weeding. The seasonal and annual net primary 
productivity plant""'' was obtained by the summation of all 
positive monthly net production rates« 
2.10 Statistical Analysis 
The data collected on the growth responses of the 
selected weeds were analysed statistically as under : 
Mean_(X2 
The arithmetic mean, or simple mean or the so called 
average value, is easily computed by taking the sum of a number 
of values (x^, ^^^ x^ x^^), and dividing it by the total 
number of values (n) involved, thus. 
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n 
E X 
or 3C = 2 
n 
where x . , x - , x , , , x^ ^ are the observat ions 
n, i s the t o t a l number of observations involved. 
Standard Deviation (S^Dt) 
Standard deviat ion, or the standard range of observations 
i s the pos i t ive square-root of the average of sum of the 
squares of deviat ions of a l l observations from t h e i r mean. 
Symbolically, 
SD for large samples (<5 n) 
;_ (x-x^)2 + (x-x2)21 ^!"'''22„_:::::i!:!n^' 
SD 
7 n 
SD for small samples (tf n-1) 
/ (x-x-,)^ + (x-Xp)^ + (x -x , )^ + . . . . ( x - x _ ) ' 
7 n - 1 
V 
where, x = Mean of the observations involved, 
x^, Xp, X,, , . . . , X = observat ions , 
n = number of observations involved. 
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To show and compare r e l a t i v e v a r i a b i l i t i e s of two or 
more se t s of measurements e n t i r e l y in d i f ferent u n i t s , P.Vo was 
ca l cu l a t ed . Per cent va r i a t i on of any parameter, a u n i t l e s s 
number, measures the magnitude of va r i a t i on present between the 
mean of the two s i t e s , r e l a t i ve to the average of the s i t e 
selected as base for the comparison. I t was obtained and 
summarised as follows : * 
Formula used for Per cent v a r i a t i o n between d i f fe ren t s i t e s . 
S i tes A B C D 
(+/-) ^z-~(ioo) (+/-) -^-^(100) (V-)-~~(ioo) -
XA, X „ , XQ and XQ = Arithmetic mean of a parameters a t s i t e s 
•A', *B', 'C* and *D' r e spec t i ve ly . 
The ' l e a s t s ign i f i can t d i f ference ' was applied and 
computed as follows : 
S t e p - l . Construetion_of_data_teble_forj^_treatments 
5 r e p l i c a t e s . 
The data were compiled such t h a t , each treatment occupies 
a column and t h e i r r e p l i c a t e s were arranged in rows. 
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Rows 
(Repli-
cates) 
Column (Treatments) Number 
T4 
Total of 
Rows 
(Replica-
.Hf2l?l 
Squares 
of 
total 
Of rows 
«5 *5 
Total of A^+..A5=Y. B^+..Bt=Y. C^+.,Cg=Y, D^+.-D^'Y^ 
Column 
(2) 
D2 A2+.. 02=^2 
(GRAND TOTAL) 
1 ^  * * D 
= WX 
x^)^+., 
= Wr 
Squares 
of Totals 
of 
Columns 
(£)^ 
(Y^)' (Y2)2 (Y3)' (Y4)2 (Y^)2+. . (Y^) ' 
Sum of (Ai)2+.(A5)2(B^)2+.(E^)2(C-,)2+.(C5)2(D^)2+.(D5)2 Z^+.Zz, 
SquSlres 
= Z> 
)2H 
= Wz of Totalis ~ ^1 ~ '*2 - *-3 "^  ^^ 
of 
column 
ste p~2 c 22££?2!^i25_l!^2!^2?_i5?) 
CF = (Grand Tgtal)2 
t.r« 
(W^)2 
or CF = 
t.r. 
where, t = number of treatments, 
r = number of replicates. 
Wx is the grand total. 
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S t e p - 3 . Total_Sum_of_Squares_(SSQT) 
This i s the sum of squares of a l l the v a l u e s in the 
t a b l e , l e s s the c o r r e c t i o n f a c t o r . 
SSQT = [ (A^)2 + (B^)^ + (D^)^ ] - CF 
Or, 
SSQT = W2 - CF 
Step-A, Sum of Sguares^of Treatments_(^SSQt) 
(Yi)^ -^  (Y2)^ * (Y3)2+ (Y4)2 
SSQt = [ ] - CF 
r 
Or SSQt = ^ CF 
r 
where, r = number of r e p l i c a t e s or rov/s« 
S t e p - 5 . Su2_2f_§cruires_of_Rows_{SS^) 
^ (X.)2 + (Xp)^ + ( X j 2 -e (X- )2 + (X-)2 
SSQT = [ ^ ^ -2 ^ -2.- ] - CF 
t 
or , SSQr = - ~ CF 
where, t = number of t r e a t m e n t s or columns. 
S t e p - 6 . Sum_of _Sguares_of _Error_]^SS^ ) 
SSQE = SSQT - (SSQt + SSQr) 
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Step-7. Estimated_Variance_of _Error_(^MSE) 
SSQE 
MSB = 
( t - 1 ) ( r - 1 ) 
Step-8, Least Significant Difference, Based on Ordinary 
t^test_^LSD) 
/ 2 MSE 
LSD a t 5% Level =/ ~ ' ^ • (^"^^lue a t 5% leve l ) 
/ V 
/ 2 MSE 
LSD a t ^% Level =^ • ( t -va lues a t ^% l eve l ) 
I f the difference between any two sample means exceeds the 
• l eas t s ign i f ican t difference* (L.S.D.) values obtained a t 5% 
and/or ^% l e v e l , the difference between the two means i s said 
t o be s ign i f ican t a t 3% and/or ^% l e v e l . 
O B S E R V A T I O N S 
The responses of various parameters observed are given 
below. 
3 • 1 Root Length 
The data on the root length in the se lec ted weeds of 
wheat crop f i e l d , obtained a t d i f ferent growth s tages and var ied 
d is tances from the power plant complex are summarised in 
Table 7 - 1 1 . 
Table 7, comprises the data on the root length of 
Anagallis a rvens is and per cent v a r i a t i o n a t the f i r s t three 
s i t e s , 'A*, 'B* and *C* over the reference s i t e 'D*. The 
population of A. arvensis suffered s ign i f i can t ly in a l l the three 
s tages of growth up to 4 km from the source of po l lu t i on as 
compared to the s i t e ' D ' . However, in the f i r s t and second s tages , 
root length was found to be highly affected a t the s i t e 'A' 
located within 0,5 km from the source. In the l a s t stage of 
root development, the adverse e f fec t of po l lu t an t extended to an 
equal extent up to a distance of 4 km (Table 7 ) . The data 
ind ica te t h a t the population th r iv ing a t s i t e 'A' was more 
sens i t ive t o adverse e f fec t , and the degree of response var ied 
from 44.2% to 54.4%. 
The data obtained on average root length and the per cent 
v a r i a t i o n in Chenopodium album thr iv ing a t the se lec ted s i t e s are 
TABLE 7 
The root length average (cm) in the population of Anagallis 
arvensis a t s i t e s of varying dis tance from po l lu t ion source, 
The data within parenthesis ind ica te the per cent va r i a t ion 
over reference s i t e *D*» 
Si tes A B C D LSD a t 
Distance 0.5 km 2km 4km 20 km leve l^^ 
January 2.0+0.4^ 2.7+0,5^ 3.1+p<,8^ 4.4+1.1^ 0.7 
(-54.5) (-39.6) (-30.3) 0.9 
February 3.1+0.8^ 4.3+0,9^ 5.0+1.5^ 6.6+1.8^ 1.2 
(-53.3) (-34.6) (-24.6) 1.6 
March 4.8+1.2^ 4.9+1.1^ 5.3+1.2^ 8.6+1.9^ 1.4 
(-44.2) (-:42.7) (-38.3) 1.9 
Mean +^  Standard devia t ion 
LSD : Least s ign i f i can t difference a t 59^  and 1?^  leve l 
Figures with the same suffix are not s ign i f i can t ly d i f ferent 
(P > 0.05) from each o ther . 
Above data have been reduced t o one decimal place a f t e r f ina l 
ca l cu la t ions . 
TABLE 8 
The root length average (cm) in the population of Chenopodlum 
album at sites of varying distance from pollution source. The 
data within parenthesis indicate the per cent variation over 
reference site 'D*, 
Si tes 
Distance 
January 
February-
March 
A 
0.5 km 
6.0+1.3^ 
(-12.2) 
6.2+1.4^ 
(-^4.8) 
6.3+1.0^ 
(-46.0) 
B 
2 km 
6.2+1.1^ 
(-9.5) 
8.7+1.6^ 
(-22.3) 
9.2+1.5^ 
(-20.7) 
C 
4 km 
6.8+1.0^ 
(+1 .5 ) 
10 .3+2 .0^ 
( -8 .1) 
10.8+1.5° 
( -6 .5) 
D 
20 km 
6.7+1.2^ 
11.2+2.4° 
11.6+1.7° 
LSD a t 
5% & ^% 
l e v e l 
1.1 
1.5 
1.8 
2.4 
1.3 
1,7 
April 7.7+1.2^ 10.1+1.4^ 11.1+1.6^ 12.6+1.6° 1.2 
(-38.8) (-19.2) (-11.2) 1.7 
Mean +_ Standard deviation 
LSD s Least significant difference at 5% and 1% level 
Figures with the same suffix are not significantly different 
(P > 0.05) from each other. 
Above data have been reduced to one decimal place after final 
calculations. 
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given in Table 8. At the seedling stage, the root length did not 
show any statistically significant variation among the populations 
of the four sites under study (Table 8), However, in the second 
and third grov/th stages, the root length was found to be affected 
adversely up to the site 'B' (about 2 km from the source), but 
the effect was more severe at the site 'A* (44.8% in February 
and 46,9% in March) which is just 0.5 km away. In the final stage 
of growth i.e., in the month of April, the root length got 
affected adversely up to the site 'C located about 4 km from the 
source but the severity of damage was again maximum (38.8%) at 
the site 'A'. The degree of loss in all stages of growth 
decreased consistently with increasing distance from the power 
plant• 
Hie data given in Table 9 show the average and per cent 
variation of the length of Melilotus indicus roots with increasing 
plant age and distance from the pollution source. The data 
indicate that the severity of loss in root growth increases with 
decreasing distance from the pov/er plant at all growth stages. 
The severity was noted to be high in the seedling population in 
the vicinity of the source i.e. site 'A'. The loss in root length 
remained significant at the second and third growth stages up to 
a distance of 4 km from the power plant compared to the reference 
site 'D' (Table 9). The root length which incurred a loss varying 
from 23.6% to 60% in the middle stage of growth was more proned 
to the pollutants followed by the old stage attained in March. 
The degree of response, however, remained comparatively marginal 
in the seedling stage, 
TABLE 9 
The root length average (cm) in the population of Melilotus 
Indicus a t s i t e s of varying dis tance from pol lu t ion source. 
The data within parenthesis indica te the per cent va r i a t i on 
over reference s i t e ' D ' , 
S i tes A B C D LSD a t 
Distance Oo5 Vtm 2 km ^ ^ 20 km i J v e l 
January 3.3+0.7^ 4.0+1.2^^ 4.5+1.2^ 4.6+1.2^ 1.0 
(-27.7) (-11 .g) (-1.1) 1.4 
February 4.1 + 1.3^ 6.4+1.8^ 7.8+1.7^ 10.2+2.2^ 1.7 
(-60.0) (-37.0) (-23.6) 2.3 
March 4.7+0.8^ 6.6+2.1^ 7.9+1.6^ 9.8+1.1^ 1.4 
(-52.4) (-32.8) (-19.7) 1.9 
Mean +, Standard deviat ion 
LSD : Least s ign i f i can t difference a t 596 and 1% l eve l 
Figures with the same suffix are not s ign i f i can t ly d i f ferent 
(P > 0,05) from each o ther . 
Above data have been reduced to one decimal place a f t e r f i na l 
c a l cu l a t i ons . 
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Table 10 shows the e f fec t on root length and the re la ted 
per cent va r i a t ion in the populat ion of the rainy season weed, 
Euphorbia h i r t a . The root length average was progressively low 
with a decrease in distance from the source of pol lu t ion in a l l 
the three stages of growth, although i t did not show any s t a t i s -
t i c a l difference in the populat ions a t s i t e s 'B ' and ' C . However, 
the responses of root length were markedly evident in the f i r s t 
and the l a s t stages (about 38,6% and 38,3% losses respect ively) 
a t s i t e 'A ' . 
Table 11 shows the root length average and per cent 
va r i a t i on in Trianthema portulacastrum a t var ious growth stages 
and s i t esc In the seedling s tage , the degree of loss was found 
to be s t a t i s t i c a l l y equal in the three s i t e s located within 4 km 
from the source. In the second stage of growth, the effect 
remained heavy a t s i t e 'A' located within 0,5 km from the power 
p l a n t . In the l a s t stage of root growth the adverse effect of 
a i r po l lu tan ts again remained confined only a t 0,5 km dis tance . 
The degree of loss in the root length decreased from 48,1% to 
23.7% a t s i t e 'A' , 42.7% to 4.7% a t s i t e 'B ' and 41.3% to 3.5% 
a t s i t e ' C with increasing age of the p lan t s (Table 11), 
3.2 Root Biomass 
The data on the root dry weight of the selected species 
col lected in r e l a t i on to 1 le and space are summarised in 
Table 12-16, Table 12 contains data on Anagallis arvensis found 
a t d i f ferent s i t e s and in varying stages of growth. In January 
TABLE 10 
The root length (cm) in the population of Euphorbia h i r t a a t 
s i t e s of varying distance from pol lu t ion source. The data 
within parenthesis indicate the per cent v a r i a t i o n over 
reference s i t e •D' . 
S i tes A B C D LSD a t 
Distance 0,5 km 2km 4km 20 km ^1/2^ l eve l 
July 4.3+1.2^ 5.5+0.9^ 5.9+1,4^ 7.0+1.4° 1.1 
(-38.6) (-21.5) (-15.7) 1.5 
August 7.7+0.9^ 9.1+1.2^^ 1 0 . 5 ^ 5 . 1 ^ 10.7+2.2° 1.6 
(-28.1) (-15.1) (-2.1) 2.2 
September 9.3+3.5^ 10.9+2.5^^ 12 .7+3 .5^ 15.11^.4^ 3.3 
(-38.3) (-27.8) (-16,0) 4.5 
Mean +_ Standard deviat ion 
LSD : Least s ign i f i can t difference a t 3% and ^% l eve l 
Figures with the same suffix are not s ign i f i can t ly d i f fe ren t 
(P > 0,05) from each o ther . 
Above data have been reduced to one decimal place a f t e r f i na l 
c a l c u l a t i o n s . 
TABLE 11 
The r o o t l e n g t h average (cm) i n the popu la t ion of Trianthema 
por tu lacas t rum a t s i t e s of va ry ing d i s t ance from p o l l u t i o n 
s o u r c e . The d a t a w i t h i n p a r e n t h e s i s i n d i c a t e the pe r cen t 
v a r i a t i o n over r e f e r e n c e s i t e ' D ' , 
S i t e s A B C D LSD a t 
Distance 0.5 km 2 k m 4 k m 20 km level""^ 
July 4 . 1 + 1 . 6 ^ 4 .6+1 .4^ 4 .7+1.0^ 8 . 0 + 2 . 1 ^ 1.3 
( - 4 8 . 1 ) (--42.7) ( -41 .3 ) 1.8 
August 7 .1+1 .9^ 9 .0 t ^ .O^^ 9 .9+2.8^ 10 .2+1 .6^ 2 .2 
(^31.0) ( - 1 1 . 7 ) (-3.6) 3.0 
September 1 0 . 3 + 3 . 1 ^ 12 .9+3.0^^ 1 3 . 1 J L 3 . 7 ^ ^ 13 .6+2 .5^ 3 .0 
( - 2 3 . 7 ) ( - 4 . 7 ) ( - 3 . 5 ) 4 . 1 
Mean +_ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r ence a t 596 and ^% l e v e l 
Figures with the same s u f f i x a re no t s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each o t h e r . 
Above data have been reduced t o one decimal p lace a f t e r f i n a l 
c a l c u l a t i o n s . 
TABUE 12 
The average r o o t biomass (mg) i n the p o p u l a t i o n of A n a ^ l l i s 
a r v e n s i s a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n sou rce . 
The data wi th in p a r e n t h e s i s i n d i c a t e t h e per cen t v a r i a t i o n 
over re fe rence s i t e 'D*. 
S i t e s A B C D LSD a t 
596 & 1% Distance 0.5 km 2 k m 4 k m 20 km l e v e l 
January 1.2+0.3^ 1 .6+0,4^ 3.11P.6*^ 3.8+0.6'^ 0.4 
( -69 .2 ) ( - 5 7 . 0 ) ( - 1 7 . 5 ) 0 . 6 
February 2.8+1.4^ 5 .0+1.4^ 6.0+1.8^ 11.1+2.1^ 1.5 
( -74 .7 ) ( -55 .2 ) ( - 4 5 . 8 ) 2.1 
March 3.2+0.9® 5 .1+1 .0^ 5 .3+1 .6^ 10.0+2.1° 1.2 
( -67 .5 ) ( -49 .3 ) ( -47 .3 ) 1.6 
Mean +_ Standard d e v i a t i o n 
LSD : Leas t s i g n i f i c a n t d i f f e r e n c e a t 5% and ^% l e v e l 
F igu res with the same su f f i x a r e no t s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each o t h e r . 
Above data have been reduced t o one decimal p l ace a f t e r f i n a l 
c a l c u l a t i o n s . 
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i.e. in the seedling stage, the plants suffered more significantly 
(69.2?6) in the vicinity of the power plant compared with the 
reference site 'D'. Ttie loss in dry weight of root, however, 
showed a gradual decrease with increasing distance from the thermal 
power plant in all stages of growth (Table 12). The trends of 
response of root biomass remained almost similar in the second 
and third stages of growth. The population was comparatively 
more sensitive in the middle stage (45.8% to 74.7%) of growth 
(Table 12). 
The data on Chenopodium album (Table 13) indicate that 
the root biomass was more and more reduced with decreasing 
distance from the source in all the four collections. In the 
seedling stage i.e. in the month of January, a considerable 
damage in the root biomass was caused in the vicinity of the 
soui^ ue. The populations were more severely affected (60% to 
92.3%) up to the site 'C in the following three stages of growth 
i.e. in the months of February, March and April. However, the 
degree of the loss was more (greater than 72.1%) from 2 km level 
to the vicinity of the source. This is suggestive of the fact 
that the root of Chenopodium album appeared comparatively more 
resistant to the pollutants in the seedling stage. 
The data summarised in Table 14, show that the root 
biomass of the seedling population of Melilotus indicus was 
affected significantly up to a distance of 2 km but more severely 
at the 0.5 km distance (70.4%) compared with the reference 
TABLE 13 
The average r o o t bioraass (mg) i n the popu la t ion of Chenopodium 
album a t s i t e s of va ry ing d i s t a n c e from p o l l u t i o n s o u r c e . The 
da ta w i t h i n p a r e n t h e s i s i n d i c a t e the per cent v a r i a t i o n over 
r e fe rence s i t e ' D ' . 
S i t e s A B C D LSD a t 
Dis tance 0 .5 km 2 km 4 km 20 km l e v e l 
January 8 .5+2 .1^ 13 .7+4.5^ 1 7 . 5 t 4 . 0 ^ 22 .4+7 ,3^ 4 . 0 
( -62 .0 ) ( -38 .6 ) ( -21 .9 ) 5.4 
February 13 .3^5 .2^ 32 .7+6 .3^ 65.0+13.5^ 172.9160.1° 28.4 
( -92 .3 ) ( -81 .1 ) ( -62 .4 ) 38 .4 
March 14 .1+2.5^ 42 .3+7 .5^ 72.8+13.3° 182.1+46.8^ 22.1 
( - 9 2 . 2 ) ( -76 .8 ) ( -60 .0 ) 29.9 
Apr i l 24 .2+2.9^ 68.3+11.6^ 89.6+24,2^ 245 .5147.4° 25.5 
( - 9 0 . 2 ) ( -72 .1 ) ( -63 .5 ) 34 .4 
Mean 1 Standard d e v i a t i o n 
LSD : Leas t s i g n i f i c a n t d i f f e r ence a t 3% and 1% l e v e l 
Figures with the same su f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05 ) from each o t h e r . 
Above da ta have been reduced t o one decimal p l a c e a f t e r f i n a l 
c a l c u l a t i o i 
TABLE 14 
The average r o o t biomass (mg) i n the p o p u l a t i o n of Mel i lo tus 
i n d i cus a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n sou rce . 
The data w i th in p a r e n t h e s i s i n d i c a t e the p e r cen t v a r i a t i o n 
over r e fe rence s i t e ' D ' . 
S i t e s A B C D LSD a t 
Distance 0.5 km Zkm 4 k m 20 km l e v e l 
January 4 . 8 + 1 . 3 ^ 6 .6+1.4^ 15.2+2.4° 16.1+1.8° 1.7 
( -70 .4 ) ( - 5 9 . 1 ) ( - 5 . 6 ) 2 .3 
February _ 6 .1+1.4^ 25 .6+7 .0^ 32 .6+4.4° 48 .1+7 .3^ 4 .9 
( -87 .2 ) ( - 4 6 . 7 ) ( -32 .3 ) 6.6 
March 7 .4+1.9^ 21 .4+^.5^ 44 .7+^ .8° 51.8+7.5.*^ 4 . 6 
( -85 .6 ) ( - 5 8 . 7 ) ( -13 .8 ) 6.2 
Mean +_ Standard deviation 
LSD : Least significant difference at 5% and ^% level 
Figures with the same suffix are not significantly different 
(P > 0.05) from each other. 
Above data have been reduced to one decimal place after final 
calculations. 
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site 'D'. The root blomass in the middle and old stages of growth 
showed a further increase in the degree of the loss in the 
vicinity of the power plant. The sensitivity of the population 
in the middle stage i.e. in the month of February, has been the 
highest followed by the old stage and seedling stage (Table 14). 
However, the loss was more severe at 4 km from the source in the 
middle stage than in any other stage. 
Table 15 summarises the data on the root biomass of 
Euphorbia hirta. A considerable damage in the root biomass was 
noted at sites 'A' and 'B' in the seedling stage. However, the 
biomass at this stage did not show any statistical difference 
at site 'C compared with the reference site 'D'. In the second 
stage, the trend of loss was similar to that in the seedling 
stage, although the degree of loss was the highest at this stage. 
In the last stage, the loss was comparatively less than in the 
first and middle stages (Table 15). 
The data given in Table 16 indicate that the seedling 
population of Trianthema portulacastrum had a significant loss 
in the root dry weight up to a distance of 4 km from the power 
plant complex. In the second stage the loss was considerable up 
to 2 km from the source. While in the last stage, the root 
biomass was found to be more proned to the pollutants and the 
loss extended up to a distance of 4 km from the source (Table 16). 
Thuz zhe degree of the loss was the maximum (71.3%) in old stage. 
TABLE 15 
The average r o o t biomass (mg) i n the p o p u l a t i o n of Euphorbia 
h i r t a a t s i t e s of va ry ing d i s t a n c e from p o l l u t i o n s o u r c e . 
The da ta w i t h i n p a r e n t h e s i s i n d i c a t e the per c e n t v a r i a t i o n 
over r e f e r ence s i t e ' D ' , 
S i t e s A B C D LSD a t 
Dis tance 0 .5 km 2 k m 4 k m 20 km l e v e l 
Ju ly 3 .8+0.7^ 5 .6+1 .5^ 8 .911 .5° 9 .3i .1 .3° 1.2 
( - 5 8 . 7 ) ( -^0 .0 ) (-A.1) 1.6 
August 8 .9+1.4^ 22 .5+^ .5^ 45.31.7.2° 4 6 . 3 1 5 . 2 ° 4 . 5 
( - 8 0 . 8 ) ( -51 .3 ) ( - 2 . 1 ) 6.0 
September 5 3 . 8 1 7 . 1 ^ 80 .0117.6^ 9 3 . 4 1 1 3 . 6 ^ 106.5124.6^ 15 .6 
( - 4 9 . 5 ) ( -24 .9 ) ( -12 .3 ) 21 .0 
Mean 1 Standard d e v i a t i o n 
LSD : Leas t s i g n i f i c a n t d i f f e r ence a t 5% and 1% l e v e l 
F igu res with the same su f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05 ) from each o the r 
Above da t a have been reduced t o one decimal p l a c e a f t e r f i n a l 
c a l c u l a t i o n s . 
TABLE 16 
The average r o o t biomass (mg) i n the popu la t i on of Trianthema 
por tu lacas t rum a t s i t e s of v a r y i n g d i s t ance from p o l l u t i o n 
s o u r c e . The da ta w i t h i n p a r e n t h e s i s i n d i c a t e the per cen t 
v a r i a t i o n over r e f e r ence s i t e 'D* . 
S i t e s A B C D LSD a t 
Distance 0.5 km 2 k m 4 k m 20 km l e v e l 
July 4 .0+0 .9^ 5 . 3 i p . 9 ^ ^ 5.51.1.1^ 11.1+.3.1^ 1.5 
( -63 .9 ) ( - 5 2 . 1 ) ( -50 .6 ) 2 .0 
August 2 2 . 5 ^ 5 . 5 ^ 48 .4+7 .2^ 58.6+9.6'^ 6 0 . 7 l 9 . 0 ^ 7.4 
( - 6 2 . 9 ) ( - 2 0 . 2 ) ( - 3 . 5 ) 10.0 
September 56 .7+9 .7^ 69 .9+7.7^ 138.1+27.7^ 197.8+43.6^ 22 .0 
( -7 l73 ) ( - 6 4 . 7 ) ( -30 .2 ) 29 .7 
Mean + Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 596 and 1% l e v e l 
F igures with the same su f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each o t h e r . 
Above data have been reduced t o one decimal p lace a f t e r f i n a l 
c a l c u l a t i o n s . 
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3.3 Shoot_Lensth 
The observations summarised in Table 17 show that the 
shoot length average of Anagallis arvensis suffered s ign i f ican t ly 
up to A km from the source of po l lu t ion compared with the 
reference s i t e 'D' in a l l the three s t ages . However, the shoot 
length was found to be s t a t i s t i c a l l y uniform up to 2 km from the 
po l lu t ion source in the f i r s t and middle growth s t ages . The 
degree of the loss was the h i ^ e s t iS^,k%) in the seedling s tage . 
In the f ina l stage of observation, sever i ty of the loss in shoot 
development remained constant up t o the s i t e ' C (Table 17) . 
Table 18 includes data on shoot length of Chenopodium 
album. The shoot length average suffered s ign i f i can t ly up to 
4 km from the source of po l lu t ion a t a l l the four growth s t ages . 
However, sever i ty of the l o s s remained confined to the v i c i n i t y 
of the source in the seedling s t a g e . In the second and l a s t 
stage of observations,^the losses in the shoot length average 
remained s t a t i s t i c a l l y constant up to 2 km from the source. The 
per cent l o s s a t the f i r s t two s i t e s increased from the seedling 
to second stage of growth and then declined gradually in the 
l a t e r s tages , while the loss a t s i t e ' C showed a marginal but 
steady increase (24.7% to 47.7%) with age of the stand (Table 18), 
Table 19 summarises the data on the shoot length of 
Melilotus ind icus . The loss was s t a t i s t i c a l l y s igni f icant up to 
a distance of 4 km in a l l the c o l l e c t i o n s . The differences v/ere 
mutually ins ign i f i can t up to a distance of 2 Ian, However, data 
TABLE 17 
The shoot length average (cm) in the population of Anap;allis 
arvensis at sites of varying distance from pollution source. 
The data within parenthesis indicate the per cent variation 
over reference site *D'. 
Sites 
Distance 
A 
Oc5 km 
B 
2 km 
C 
4 km 
D 
20 km 
LSD at 
5% & ^% 
level 
January ,1.710.3^ 2.1+0.4^ 3.8+0.8^ 4.71.0.7^  0.6 
(-63.4) (-55.0) (-19.9) 0.8 
February 14.8+^.3^ 15.0+1.3^^ 18.3+3.6^ 27.2+5.3^ 3.5 
(-45.4) (-44.9) (-32.8) 4.8 
March 21.5+6.4^ 23.7+^.5^ 25.6+7.9^ 41.5+6.6^ 6.0 
(-48.2) (-42.9) (-38.3) 8.2 
Mean ^  Standard deviation 
LSD : Least significant difference at 5% and 1% level 
Figures with the same suffix are not significantly different 
(P > 0.05) from each other. 
Above data have been reduced to one decimal place after final 
calculations. 
TABLE 18 
The shoot length average (cm) in the population of Chenopodium 
album a t s i t e s of varying dis tance from pol lu t ion source. The 
data within parenthes is indica te the per cent va r i a t i on over 
reference s i t e *D'. 
S i tes A B C D LSD a t 
Distance 0.5 km 2km 4km 20 km leve l 
January 3.9+0.8^ 5 . 1 + 0 . 8 ^ 5.6+0.8^ 7.5+.2.2*^ 1,1 
(-^8,0) (-31.2) (-24.7) 1.5 
February 13.3+4.6^ 18.0+^.1^ 31.5+.6.3^ 52.6+10.2^ 5.6 
(-74.7) (-65.7) (-40.1) 7.5 
March 20.1+5.0^ 25.4+4.3^ 35.2+^.4^ 61.7+7.0^ 4 .8 
(-67.4) (-58.9) (-43.0) 6.5 
April 23.7+4.3^ 28.8+5.0^ 37.6+6.6^ 71.4+_13.5^ 6.7 
(-66.8) (-59.6) (-47.4) 9.1 
Mean +_ Standard devia t ion 
LSD : Least s ign i f i can t difference a t 5% and 1% leve l 
Figures with the same suffix are not s ign i f i can t ly d i f ferent 
(P > 0.05) from each o ther . 
Above data have been reduced to one decimal place a f t e r f i na l 
c a l cu l a t i ons . 
TABLE 19 
The shoot length average (cm) i n the popu la t i on of Mel l lo tus 
Ind icus a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n s o u r c e . 
The data wi th in p a r e n t h e s i s i n d i c a t e the per cent v a r i a t i o n 
over re ference s i t e ' D ' . 
S i t e s A B C D LSD a t 
596 & ^% Distance 0.5 km 2 k m 4 k m 20 km l e v e l 
January 2 .1+0.6^ 2 .2+0 .5^ 3 .0+0.8^ 5.0+0.8^ 0.7 
( -58 .2) ( - 5 5 . 9 ) ( -39 .4 ) 0 .9 
February 14.2+4.3^ 1 8 . 5 ^ 5 . 7 ^ 27 .2+6.7^ 41 .6+9.9^ 5.4 
( -65 .8 ) ( - 5 5 . 6 ) ( -34 .7 ) 7.4 
March 27 .116 .5^ 3 0 . 3 + 7 . 1 ^ ^ 35 .3+6.0^ 51.4+12.0^ 7.1 
( -47 .3) ( - 4 1 . 0 ) ( -31 .4 ) 9.5 
Mean +_ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 3% and ^% l e v e l 
F igures with the same s u f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each o t h e r . 
Above data have been reduced t o one decimal p lace a f t e r f i n a l 
c a l c u l a t i o n s . 
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on degree of the loss indicate that the shoot length development 
was more proned to pollutants in the first two growth stages 
rather than in the old stage (Table 19). 
The data on shoot length recorded at different grov/th 
stages of the selected monsoon weeds (Euphorbia hirta and 
Trianthema portulacastrum) of a maize crop field are summarised 
in Table 20 and 21. The data reveal that the shoot length in the 
seedling population of Euphorbia hirta suffered (63.5%) signifi-
cantly only in the vicinity of the power plant (Table 20), 
However, in the middle stage the effect of air pollutants on the 
shoot length extended significantly up to 4 km from the source of 
pollution, althou^ the sensitivity of plants was greater in the 
vicinity of the source i.e. site 'A' (54.0%) . In the last stage, 
the severity of the loss was found to be statistically uniform 
up to a distance of 4 km from the source of pollution (Table 20). 
The data given in Table 21 show that the shoot length of 
Trianthema portulacastrum was affected only up to 2 km from the 
source of pollution at the seedling stage. In the second stage 
of the shoot development the adverse effect of pollutants was 
observed up to 4 km from the source. In the third stage also, 
a marked impact was seen at site 'A' and 'B', The degree of 
the loss was the highest (37.0% to 63.4%) in August i.e. in the 
middle stage of growth (Table 21). 
3.4 Shoot Biomass 
Observations show that the average shoot biomass of 
Anagallis arvensis suffered significantly up to 4 km from the 
TABLE 20 
The shoot length average (cm) in the population of Euphorbia 
hirta at sites of varying distance from pollution source. 
The data within parenthesis indicate the per cent variation 
over reference site 'D*. 
Sites A B C D LSD at 
Distance 0.5 km 2 km 4 km 20 km level''^ 
July 3.8+0.9^ 9.0+1.4^ 9.8+3.7^ 10.512.7^ 2.3 
(-6375) (-14,1) (-7.0) 3.1 
August 13.2+2.3^ 26.5+^.7^ 31.3+6.1^ 36.7+9.5^ 5.3 
(-64.0) (-27.7) (-14.7) 7.1 
September 27.4+4.6^ 29.7+11.7^ 35.0+10.2^ 44.0+13.3^ 8.2 
(-37.7) (-32.4) (-20.5) 11.1 
Mean +_ Standard deviation 
LSD : Least disgnificant difference at 3% and ^% level 
Figures with the same suffix are not significantly different 
(P > 0.05) from each other. 
Above data have been reduced to one decimal place after final 
calculations. 
TABLE 21 
The shoot length average (cm) in the population of Trianthema 
portulacastrum a t s i t e s of varying distance from pol lu t ion source 
The data within parenthesis indicate the per cent v a r i a t i o n 
over reference s i t e 'D*. 
S i tes A B C D LSD a t 
3% & ^% Distance 0,5 km 2km Akm 20 km leve l 
July 2.6+0.5^ 4.1+1.2'^ 6.511.7^ 6.51.1.9^^ 1.4 
(-59.5) (-36.7) ( - 0 . 9 ) 1.9 
August 14.4+^.9^ 22.1+4.3^ 24.8+5.8^ 39.4+8.9'^ 5.0 
(-63.4) (-44.1) (-37.0) 6.8 
September 18.9+^.0^ 33.0+^.6^ 45.51.14.1^ 43.0+12.0^ 9.1 
(-56.1) (-23.2) (+5.9) 12.3 
Mean 1. Standard deviat ion 
LSD : Least s ign i f i can t difference a t 5% and ^% l eve l 
Figures with the same suffix are not s ign i f i can t ly d i f ferent 
(P > 0,05) from each o ther . 
Above data have been reduced to one decimal place a f t e r f ina l 
ca l cu l a t i ons . 
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the source in a l l the growth stages as compared to the amount of 
the shoot biomass recorded a t 20 km away from the source (Table 22). 
The population a t 0,5 km distance in a l l s tages of growth suffered 
the most. The p lan ts were comparatively more severely affected 
in the seedling (92,0?6) and middle (95.1%) s tages (Table 22) . 
The data summarised in Table 23 show t h a t the average 
shoot biomass of Chenopodium album a t a l l the s tages of growth 
suffered s ign i f i can t ly up to 4 km from the power p lan t compared 
with the p lan t s th r iv ing 20 km away from i t . The degree of the 
loss a t the seedling stage was almost equal up to 2 km from the 
source but a t s i t e ' C , the ef fect on the shoot biomass became 
s ign i f i can t ly low (44,6%), In the next two s tages a l so i . e . in 
the months of February and March, the shoot biomass showed a 
s ign i f i can t and continuous increase in the l o s s with decreasing 
dis tance from the source of p o l l u t i o n . In the l a s t stage the 
trend of the loss was almost s imi lar to t h a t in the seedling 
stage but the degree of the loss was comparatively h i ^ e r in the 
l a s t s t age . Ilie biomass did not vary beyond 66.4% in the seedling 
stage but the va r i a t i on in the l a s t three s tages ( in the months 
of February, March and April) were very d r a s t i c and var ied up to 
95.0% (Table 23 ) . 
The data summarised in Table 24 show a s imi la r trend of 
l o s s of the biomass in a l l the three stages of shoot growth of 
Melilotus ind ieus . However, the shoot biomass was equally reduced 
up to 2 km from the source of p o l l u t i o n , though the population 
TABLE 22 
The average shoot bioraass (mg) i n the p o p u l a t i o n of A n a g a l l i s 
a r v e n s i s a t s i t e s of va ry ing d i s t ance from p o l l u t i o n s o u r c e . 
The da ta w i t h i n p a r e n t h e s i s i n d i c a t e the pe r c e n t v a r i a t i o n 
over r e f e r e n c e s i t e 'D*. 
S i t e s A B C D LSD a t 
Dis tance 0.5 km 2 km 4 km 20 km 5% & 1% 
l e v e l 
January 3 .8+0.4^ 7.5t .1 .7^ 18.3+2.8^ 4 7 . 7 + 5 . 1 ^ 2 . 8 
( - 9 2 . 0 ) ( -84 .3 ) ( -61 .6 ) 3 .7 
February 20 .1+3 .1^ 75.4+10.9^ 76.0+8.3^^ 408 .0+^9 .3^ 2 7 . 8 
( -95 .1 ) ( -81 .5 ) ( -81 .4 ) 37 .6 
March 87.4+16.2^ 147.2+22.5^ 194.4+22.3^ 649 .0+72.5^ 33 .0 
( -86 .5 ) ( -77 .3) ( -70 .5 ) 4 4 . 6 
Mean +_ Standard d e v i a t i o n 
LSD : Leas t s i g n i f i c a n t d i f f e rence a t 596 and ^% l e v e l 
F igu res with the same su f f ix a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 ,05) from each o t h e r . 
Above da ta have been reduced t o one decimal p l a c e a f t e r f i n a l 
c a l c u l a t i o n s . 
TABLE 23 
The average shoot bioraass (mg) i n the p o p u l a t i o n of Chenopodiuin 
album a t s i t e s of va ry ing d i s t a n c e from p o l l u t i o n s o u r c e . 
The data wi th in p a r e n t h e s i s i n d i c a t e the pe r cen t v a r i a t i o n 
over re ference s i t e ' D ' . 
S i t e s A B C D LSD a t 
Distance 0.5 km 2 k m 4 k m 20 km l e v e l 
January 32.9+4.7^ 36.3l.6o7^ 54 .2+12 .2^ 97c8+12.5^ 7 .7 
( -66 .4 ) ( -62 .8 ) ( -44 .6 ) 10 .4 
February 48 .317 .0^ 152.2+31.8^ 349.6+58.6'^ 965.7+187.5^ 83 .7 
( -95 .0 ) • ( - 8 4 . 2 ) ( -63 .8 ) 113.1 
March 141.1+19.9^ 301.1+40.9^ 603.6+69.0^ 1941.8+297.0^^136.9 
( -92 .7 ) ( -84 .5 ) ( -68 .9 ) 184.9 
Apr i l 204.5+43.8^ 455.4+51.5^^648.3+130.1^2614.4+^65.7^261.5 
( -92 .2 ) ( -82 .6 ) ( -75 .2 ) 353.1 
Mean +, Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 5% and 1% l e v e l 
F igures with the same s u f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 ,05) from each o t h e r . 
Above data have been reduced t o one decimal p l ace a f t e r f i n a l 
c a l c u l a t i o n s . 
TABLE 24 
The average shoot biomass (mg) i n the p o p u l a t i o n of Mel i lo tus 
i n d i c u s a t s i t e s of vary ing d i s t a n c e from p o l l u t i o n s o u r c e . 
The da ia w i t h i n p a r e n t h e s i s i n d i c a t e the p e r c e n t v a r i a t i o n 
over r e fe rence s i t e 'D*. 
S i t e s A B C D LSD a t 
Distance 0.5 km 2 k m 4 k m 20 km l e v e l ^ ^ 
January 15.112.6^ 15.7+3.4^ 34 .6+8 .4^ 4 9 . 7 + 8 . 1 ^ 5 .0 
( -69 .5 ) ( -68 .4 ) ( - 3 0 . 2 ) 6.8 
February 4 7 . 4 + 8 . 1 ^ 105.8+25.1^ 402 .0+46.8^ 536.6+127.7^ 5 9 . 6 
( -91 .2 ) ( -80 .3 ) ( - 2 5 . 2 ) 80.5 
March 143.3+19.1^ 179.4+26.5^ 435 .3165 .3^ 1057.0+183.1^ 90 .7 
( -86 .4 ) ( - 8 3 . 0 ) ( - 5 8 . 8 ) 122.5 
Mean ^ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 5% and 1% l e v e l 
F igures with the same su f f ix a re no t s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each other, . 
Above da ta have been reduced t o one decimal p l a c e a f t e r f i n a l 
c a l c u l a t i o n s . 
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remained affected s ign i f i can t ly up to s i t e ' C , The per cent 
loss decreased from 69.59^ to 30,2% in the seedling s tage, 91.2% 
to 25o2% in the middle stage and 86,4% to 58,8% in the old stage 
of growth. The per cent loss ind ica tes tha t the shoot biomass 
remained comparatively l e a s t sens i t ive in the seedl ing s t age . 
The shoot biomass of Euphorbia h i r t a was affected s i g n i -
f i can t ly up t o 4 km from the source of po l lu t ion in the seedling 
and middle stages of the shoot development (Table 25) , However, 
the shoot biomass was severely affected in the v i c i n i t y of the 
source and incurred a h i ^ percentage of l o s s . The per cent 
loss was considerably low a t a distance of 2 km from the source. 
However, the degree of the loss was comparatively higher in the 
middle stage (89,0%), In the l a s t stage of the shoot development 
the sever i ty of the loss was confined up to 2 km d i s t ance . The 
s i t u a t i o n a t s i t e ' C hardly differed from t h a t a t the reference 
s i t e in the l a s t s t age . Thus Table 25 ind ica tes t h a t the degree 
of s e n s i t i v i t y increased from seedling to middle stage and then 
declined in the old stage of the shoot growth, 
A perusal of Table 26 ind ica tes tha t the dry weight of 
shoot biomass of Trianthema portulacastrum in the seedling stage 
was affected severely and t o an equal extent up to 4 km from zne 
source of po l l u t i on . In the next two stages ( in August and 
September) the shoot development suffered s ign i f i can t ly up to 
4 km from the source as compared to the reference s i t e , with th 
most severe damage a t s i t e 'A ' . However, the damage gradually 
decreased from s i t e 'A' to s i t e ' C . The data on the extent of 
TABLE 25 
The average shoot biomass (mg) in the population of Euphorbia 
h i r t a a t s i t e s of varying dis tance from po l lu t ion source. 
The data within parenthesis indica te the per cent va r i a t ion 
over reference s i t e ' D ' . 
S i tes A B C D LSD a t 
5% & ^% Distance 0,5 km 2km 4km 20 km level 
July 16.2+1.6^ 43.8+4,6^ 52.2+6.7^ 72.6+24.4^ 11.6 
(-77.7) (-39.7) (-28.1) 15.6 
August 80 .5+16 .8^315 .9+^ .8^349 .4+^7 .7^ 731.4+167.7^ 78.7 
(-89.0) (-56.8) (-52.2) 106.3 
September 388.4+37.2^ 556-.1+53.9^ 967.1+113.2^1008.0+206.1^ 109.3 
(-6l75) (-44.8) ( - 4 . 0 ) 147.6 
Mean +_ Standard deviat ion 
LSD : Least s ign i f i can t difference a t 5% and ^% l eve l 
Figures with the same suffix are not s ign i f i can t ly d i f fe ren t 
(P > 0.05) from each o ther . 
Above data have been reduced to one decimal place a f t e r f ina l 
ca l cu l a t i ons . 
TABLE 26 
The average shoot biomass (mg) i n the p o p u l a t i o n of Trianthema 
p o r t u l a c a s t r u m a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n source, 
The da ta w i t h i n p a r e n t h e s i s i n d i c a t e the p e r c e n t v a r i a t i o n over 
r e f e r ence s i t e 'D*. 
S i t e s A B C D LSD a t 
5% & ^% Distance 0.5 km 2km 4 k m 20 km l e v e l 
Ju ly A2.2+Ac7^ 44 .6+5.7^ 50 .8+7 .6^ 129 .9117 .3^ 9 .4 
( -67 .5 ) ( -65 .7 ) ( -60 .9 ) 12.7 
August 227.9+25.8^ 465.2+81.4^ 723.6+107.1^1666,51196.5^ 103.4 
( -86 .3 ) ( -72 .1 ) ( -56 .6 ) 139.7 
September 557.5+67.6^1081.2+220. i '3567o5+?18.^4007.6^727.1^ 349.7 
( -86 .1 ) ( -73 .0 ) ( -11 .0 ) "" 473 .3 
Mean +_ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r ence a t 5% and ^% l e v e l 
F igures with the same su f f ix a re no t s i g n i f i c a n t l y d i f f e r e n t 
(P > 0.05) from each o t h e r . 
Above da ta have been reduced t o one decimal p l a c e a f t e r f i n a l 
c a l c u l a t i o n s . 
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loss c lear ly indicate tha t the shoot biomass was highly sens i t ive 
in the middle (86.3%) and old (86.1%) stages r a the r than in the 
seedling (67.5%) s tage , 
3.5 Root ;Shootga t lo 
Table 27 shows the root-shoot r a t i o of the se lected 
populations of Anagallis a rvens is . Chenopodium.album. Euphorbia 
h i r t a . Melilotus indicus and Trianthema portulacastrum a t various 
s i t e s and s tages of observation. The root :shoot r a t i o in 
Anagallis arvensis increased with increasing load of po l lu t ion 
a t a l l the stages of growth. As a r e s u l t , the highest value of 
per cent increase (414.4%) over the reference populat ion was 
found a t s i t e 'A' in the month of February. The root :shoot r a t i o 
in A, arvensis was found to have decreased with the age. In 
Chenopodium album i t was considerably higher in the f i r s t two 
growth stages than in the l a s t two, stages a t a l l the s i t e s . The 
data indica te t ha t the ef fec t of a i r pol lu t ion on root :shoot 
r a t i o in Chenopodium album was far l e s s than in Anagallis a rvens i s . 
The root : shoot r a t i o of Ifel i lotus indicus decreased with the age 
of the stand a t a l l the selected s i t e s . However, any def in i te 
trend of response with respect to distance could not be recorded. 
The root :shoot r a t i o throughout the period of growth in 
Euphorbia h i r t a was found to be comparatively higher in the 
population th r iv ing within 4 km from the power p l an t complex with 
some f luc tua t ions a t s i t e 'B ' and ' C during July and September 
r e spec t ive ly . In Trianthema portulacastrttm the r a t i o was higher 
a t f i r s t three s i t e s located within 4 km from the source, compared 
TABL^ 27 
•me r o o t : s h o o t r a t i o of the s e l e c t e d s p e c i e s . The d a t a w i t h i n 
p a r e n t h e s i s i n d i c a t e the p e r cen t v a r i a t i o n over r e f e r e n c e s i t e 'D ' 
Spec ie s 
A n a e a l l i s 
a r v e n s i s 
Chenopodium 
album 
l-fel i lotus 
m d l c u s 
Euphorbia 
h i r t a 
Trianthema 
p o r t u l a c a s t r u m 
S i t e s 
Dis tance 
January-
February 
March 
January 
February 
March 
Apr i l 
January 
February 
r-Iarch 
Ju ly 
August 
September 
Ju ly 
August 
September 
A 
0 .5 km 
0.305 
(+286.5) 
0 .140 
(+414.4) 
0.037 
(+141.6) 
0 .258 
(+12.8) 
0.275 
(+53.7) 
0 .100 
(+6 .9) 
0 .118 
(+25.8) 
0.315 
( - 2 . 7 ) 
0 .129 
(+44.5) 
0.052 
(+5 .8) 
0 .237 
(+85.6) 
0 .110 
(+74.3) 
0 .138 
(+31.0) 
0.095 
(+11.4) 
0 .099 
(+171.4) 
0.102 
(+106.2) 
B 
2 km 
0.216 
(+173.8) 
0 .066 
(+142.2) 
0 .034 
(+123.2) 
0 .378 
(+65.2) 
0.215 
(+20,1) 
0 .140 
(+49.7) 
0.150 
(+59.8 ) 
0.419 
(+29.3) 
0.242 
(+170.8) 
0.119 
(+143.2) 
0 .127 
( - 0 . 3 ) 
0.071 
(+12.8) 
0.144 
(+36.1) 
0.119 
(+39.5)' 
0.104 
(+185.7) 
0.065 
(+30.9) 
C 
4 km 
0 .170 
(+115 .0) 
0 .079 
(+190.7) 
0 .027 
(+75.8) 
0 .323 
(+41 .0) 
0 .186 
(+3 .8 ) 
0 .120 
(+28 .6) 
0 .138 
(+47 .2) 
0 .439 
(+35 .3) 
0 .081 
( - 9 . 4 ) 
0 .103 
(+109.3) 
0 .170 
(+33 .4) 
0 .130 
(+104,9) 
0 .096 
( - 8 . 6 ) 
0 .108 
(+26 .4) 
0,081 
(+122.2) 
0 .039 
( - 2 1 . 6 ) 
D 
20 km 
0 .079 
0 .027 
0.015 
0 .229 
0 .179 
0 .094 
0 .094 
0 .324 
0 .089 
0 .049 
0 .127 
0 .063 
0 .106 
0 .085 
0 .036 
0 ,049 
Above da t a have baen reduced t o t h r e e decimal p l ace fo r 
a b s o l u t e v a l u e s and to one decimal p lace f o r p e r c e n t 
v a r i a t i o n . 
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with the reference population, in all stages of observations. 
However, the per cent variation in the root:shoot ratio was 
the highest (122.4% to 185.796) in the middle stage (Table 27). 
-1 
3.6 Leaf Number Plant 
—-1 
Tables 28-32 present data on average leaf number plant 
in the selected weeds. Table 28 contains data on Anagallis 
aryensis , and ind ica tes tha t the average leaf number got affected 
equally up to 2 km distance from the source of po l lu t ion in 
seedling s tage . However, the sever i ty of the loss was s i g n i f i -
cantly low a t 4 km (40,8%), In the middle s tage , the adverse 
effect extended up t o a distance of 4 km, although severe 
damage (86,9%) remained confined to the v i c i n i t y of the power 
p l an t . In the l a s t s tage, the trend of loss was the same as 
in the seedling stage but the l eve l of response was higher in 
old stage (Table 28 ) . 
_-] The r e s u l t s obtained on the average leaf number p lant 
in Chenopodium album are summarised in Table 29 and show tha t the 
leaf emergence in the populations th r iv ing up to a distance of 
4 km from the source of po l lu t ion was adversely affected in a l l 
the growth s t ages . In the seedl ing s tage, the average leaf 
-1 
number plant suffered equally up to 2 km from the source, as 
compared to site 'D'. The degree of the loss, however, was 
comparatively le (56,0%) at site 'C. The leaf emergence 
continued to suffer up to 4 km during the growth season (February 
to April) and the trend of the loss was similar in the three 
Stages of collection. 
TABLE 28 
The average leaf number p lan t in the population of Anagallis 
arvensis a t s i t e s of varying dis tance from pol lu t ion source. 
The data within parenthesis ind ica te the per cent va r i a t ion 
over reference s i t e 'D*. 
S i tes A B C D LSD a t 
c Q/ o^  -1 q/ 
Distance 0,5 km 2 km 4 km 20 km level 
January 6.0+0.9^ 7.0+1.3^ 12.2+2.6^ 20.6+_4,3^  2.4 
(-70.9) (-66.0) (-40.8) 3.3 
February 10.8+1,4^ 21.4+4.1^ 30.9+?.4*^ 82.8+14.9^ 7.5 
(-86.9) (-74.1) (-62.7) 10.1 
March 22.4+4.3^ 29.71.4.4^ 39.9+8.5^ 101.9+16.6^ 8.7 
(-78.0) (-70.8) (-60.8) 11.7 
Mean +_ Standard deviation 
LSD : Least significant difference at 5% and 1% level 
Figures with the same suffix are not significantly different 
(P > 0.05) from each other. 
Above data have been reduced to one decimal place after final 
calculations. 
TABLE 29 
The average leaf number plant in the population of Chenopodium 
album a t s i t e s of varying distance from po l lu t ion source. 
The data within parenthesis indicate the per cent v a r i a t i o n over 
reference s i t e 'D'o 
Si tes A B C D LSD a t 
Distance 0.5 km 2km 4km 20 km leve l 
January 5.710.8^ 7.1+1.3^ 9.8+,1.9^ 22.3+4.1*^ 2.1 
(-74.4) (-68.2) (-56.0) 2.8 
February 9.5i.1.2^ 24.0+4.3^ 30.0+4.5^ 70.0+9.5^ 5.2 
(-86.4) (-65.7) (-57.1) 7.0 
March 11.0+1.9^ 26.9+3.8^ 38.3l6 .7° 112.2+16.2^ 8.8 
(-90.2) (-76.0) (-65.9) 11.8 
April 13.6+3.3^ 37.7+6.9^ 50.8+^.3° 125.1+28.0^ 13.1 
(-89.1) (-69.9) (-59.4) 17.7 
Mean +_ Standard deviat ion 
LSD : Least s ign i f i can t difference a t ^% and 1% l e v e l 
Figures with the same suffix are not s ign i f i can t ly d i f fe ren t 
(P > 0.05) from each o ther . 
Above data have been reduced to one decimal place a f t e r f ina l 
c a l c u l a t i o n s . 
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The data presented in Table 30 are concerned with 
Melilotus ind icus . The average leaf number suffered to a 
s imilar extent a t s i t e 'A' and 'B ' in s t a t i s t i c a l sense but the 
adverse po l lu t ion e f fec t was s igni f icant ly low a t s i t e 'C, as 
compai^ed with the reference s i t e 'D', in the f i r s t two stages 
of growth in January and February. However, the degree of the 
loss increased from seedling i^6A% to 49.396) to middle (17.1% 
to 78.2%) stage and then declined marginally in the old (6.1% to 
71.1%) stage of growth. The s ign i f ican t damage in leaf emergence 
could only be noted up t o a distance of 2 km from the source in 
the l a s t stage ind ica t ing t h a t the population a t s i t e ' C 
developed res i s tance with increasing age of the s tand. 
The data on Euphorbia h i r t a are given in Table 3 1 . 
Observations made in the seedling stage show tha t the leaf 
number p lant suffered s ign i f i can t ly up to 2 km from the source 
of po l lu t ion while in the middle s tage, the l ea f emergence was 
affected equally up to a distance of 4 km. However, the leaf 
number did not shov/ any s t a t i s t i c a l l y s ign i f ican t difference 
in the populations a t the f i r s t three s i t e s . In the l a s t s t age , 
a severe damage in the leaf number was noted up to 2 km from 
the power p l a n t . The degree of the loss noted in the middle 
(49.4% to 65.5%) and the l a s t (31.7% to 61.5%) stages of growth 
v/as higher than tha t in the seedling (6.2% to 46,5%) stage 
(Table 31) . 
In Trianthema portulacastruTOythe leaf emergence in the 
seedling stage suffered uniformly, in s t a t i s t i c a l sense, up to 
TABLE 30 
The average leaf number plant"'' in the population of Melilotus 
indicus at sites of varying distance from pollution source'. 
The data within parenthesis indicate the per cent variation 
over reference site 'D'. 
Sites A B C D LSD at 
Distance 0.5 km 2 km 4 km 20 km level^^ 
January 7.1+0.3^ 8.6+2.0^ 11.71.1.7^ 14.0+2.9° 1.8 
(-49,3) (-38.6) (-16.4) 2.5 
February 19.1+3.7^ 27,0+^.1^ 72.8+14.8^ 87.8+17.6° 11.3 
(-78.2) (-69.2) (-17.1) 15.3 
March 27.6+4.5^ 38.8+8.8^ 89.7+12.1° 95.5119.0° 10.9 
(-71.1) (-59.4) (-6.1) 14.7 
Mean +_ Standard deviat ion 
LSD : Least s ign i f ican t difference a t 3% and ^% l eve l 
Figures with the same suffix are not s ign i f i can t ly di f ferent 
(P > 0o05) from each o ther . 
Above data have been reduced to. one decimal place a f te r f ina l 
ca l cu l a t i ons . 
TABLE 31 
The average l e a f number plant""^ i n the p o p u l a t i o n of Euphorbia 
h i r t a a t s i t e s of vary ing d i s t a n c e from p o l l u t i o n s o u r c e . 
The da ta wi th in p a r e n t h e s i s i n d i c a t e the p e r cen t v a r i a t i o n over 
r e fe rence s i t e ' D ' , 
S i t e s A B C D LSD a t 
Distance 0.5 km 2kin 4k in 20 km l e v e l 
Ju ly 7 .7+1.5^ 11 .0+1.6^ 13.5+2.2 ' ' 14.4+2.1 ' ' 1.7 
( -^6 .5 ) ( -23 .6 ) ( - 6 . 2 ) 2 . 3 
August 13.71.4.0^ 18.4+4.4^ 20.1+5.2^ 39.7111.4^ 6 .6 
(-6575) (-53.6) (-tf9.4) 8.9 
September 31.6+9.6^ 34 .6+12.8^ 56 .1+17 .8^ 82.2+26.2^ 14.7 
( -61 .5) ( -57 .9 ) ( -31 .7 ) 19.0 
Mean +_ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 5% and •]% l e v e l 
F igures with the same suf f ix a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > Oo05) from each o t h e r . 
Above da ta have been reduced t o one decimal p lace a f t e r f i n a l 
c a l c u l a t i o n s . 
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4 km from the source of pollution (Table 32). In the next two 
stages of growth, the population suffered up to a distance of 
4 km, but the effect was more severe up to 2 km only and was 
statistically uniform at 0.5 km and 2 km distances. The degree 
of the loss was the highest (69.596 to 85.9%) in the middle 
stage followed by the last stage (34.0?^  to 76.2%) and the seedling 
stage (33.3% to 40.2%) (Table 32). 
-1 
3.7 ^ea_L§.af 
Table 33 presents data on average area leaf in 
Anagallis arvensis at different experimental sites and stages 
of observation. The data on seedling stage indicates that the 
—I 
degree of the loss in area l ea f increased s ign i f i can t ly with 
decreasing distance from the source. In the following two 
s tages (obtained in the month of February and March) the loss 
the 
was almost s im i l a r . However,^loss was s ign i f i can t up to a 
dis tance of 4 km from the source in a l l the growth stages and 
var ied from 21.3% to 82.0%. The data indicate t h a t A. arvensis 
was more proned to a i r po l lu tan t s in the seedling stage 
(Table 33) . 
Table 34 is concerned with Chenopodium album, and shows 
-1 
that air pollution affected severely the average area leaf up 
to a distance of 2 km from the source of pollution at the 
seedling stage. The degree of the loss, however, was the highest 
in the vicinity and the lowest at 4 km distance. In the following 
three stages of growth, the area leaf"' was affected up to a 
TABLE 32 
—1 
The average l ea f ntimber plant in the population of Trianthema 
portulacastrum a t s i t e s of varying distance from pol lu t ion source 
The data within parenthesis indicate the per cent va r i a t i on 
over reference s i t e ' D ' , 
Si tes A B C D LSD a t 
Distance 0.5 km 2km 4km 20 km leve l ' ' ^ 
July 6.1+1.7^ 6.3+1.6^ 6.8+1.5^ 10.2+1.7^ 1.6 
(-40.2) (-38.2) (-33.3) 2.2 
August 28.2+7.7^ 36.2+6.4^ 60.9+12.? 199.9150.9^ 24.2 
(-85.9) (-81.9) (-69.5) 32.6 
September 72.7+14.4^ 100.0+25.5^ 201.4+j55.6^ 305.0+61.9^ 41.5 
(-76.2) (-67.2) (-34.0) 56.0 
I^an +_ Standard devia t ion 
LSD : Least s i gn i f i can t difference a t 5% and 1% leve l 
Figures with the same suffix are not s ign i f ican t ly d i f fe ren t 
(P > 0.05) from each other . 
Above data have been reduced to one decimal place a f t e r f ina l 
ca l cu la t ions . 
TABLE ^3 
The average area leaf (cm ) in the population of Ana^allis 
arvensis a t s i t e s of varying distance from pol lu t ion source. 
The data within parenthesis indica te the per cent va r i a t ion 
over reference s i t e ' D ' . 
Sites 
Distance 
A 
Oc5 km 
B 
2 km 4 km 
D 
20 km 
LSD at 
level 
January 0.25+0.75 
(-82.0) 
^ 0.47t0.10^ 0.68+0,14^ 1.38+0.29^ 0.16 
(-66.0) (-50.7) 0.21 
February 0.64+0,15 1.19+0.28' 
(-57.8) (-22.0) 
1.20+0.26^ 1.53+0.34'^  0.23 
(-21.3) 0.31 
March 0.61+0.08'' 
(-58.6) 
0.98+0.24' 
(-33.7) 
1.10+0.22^ 1.48+0.36^ 0.22 
(-25.6) 0.30 
Mean +_ Standard deviation 
LSD : Least significant difference at 5% and ^% level 
Figures v/ith the same suffix are not significantly different 
(P > 0.05) from each other. 
Above data have been reduced to two decimal place for absolute 
values and to one decimal place for per cent variation. 
TABLE 34 
The average area l ea f (cm^) in the population of Chenopodium 
album a t s i t e s of varying distance from po l lu t ion source. 
The data within parenthesis indicate the per cent v a r i a t i o n 
ove r re f e re nee s i t e ' D ' . 
Si tes A B C D LSD a t 
Distance 0.5 km 2km 4km 20 km level^^^ 
January 1.28+0.20^ 1.37ip.24^^ 1.64+0.37^ 2.85+0.61^ 0.36 
(-^5.1) (-52.1) (-42.A) 0.48 
February 1.35+0.40^ 2.0310.57^ 2.30+0.61^ 4.58+0.97° 0.60 
(-70.5) (-55.7) (-49.7) 0^81 
March 1.55+0.25^ 2.56+0.52^ 2.70+0.63^ 5.77+1.41° 0.80 
(-73.1) (-55.5) (-53.1) 1.08 
April 1.40+0.28^ 2.25+0.40^ 2.60+0.40^ 5.56+1.39^ 0.69 
(-74.8) (-59.6) (-53.2) 0.93 
Mean +_ Standard deviation 
LSD : Least significant difference at 3% and ^% level 
Figures v/ith the same suffix are not significantly different 
(P > O0O5) from each other. 
'\bove data have been reduced to two decimal place for absolute 
values and to one decimal place for per cent variation. 
AO 
distance of 4 km, but more severely in the v i c i n i t y of the source 
of po l lu t ion (Table 34) , The degree of the loss was almost 
s imi la r a t a l l the s i t e s in the l a s t three stages i . e . during 
February (49.7?6 to 70.5?6), March (53.156 to 73.19^) and April 
(53.296 to 74.896), which i s in aggravation over the degree of 
response observed in the seedling stage (42.496 to 55.196). 
Table 35 summarises the data on Ifeli lotus indicus which 
—I 
show that the severity of the loss in area leaf increased with 
a decrease in distance from the source of pollution. At seedling 
stage, a significant damage in the leaf expansion was noted at 
the first two sites (45.996 at site 'A* and 30.196 at site 'B') 
from the source of pollution, compared with the reference site'Dl 
In the middle and the last stages, the damage in leaf expansion 
extended significantly up to 4 km from the pollution source 
(Table 35). The degree of the loss in area leaf increased 
considerably with the age of the stand. 
The results obtained with Euphorbia hirta are summarised 
—1 in Table 36. The damage in area leaf was significant up to 
4 km level from the source of pollution in the seedling stage. 
However, the damage at this stage was severe up to a distance of 
2 km (61.896 to 67.896). In the middle stage, a significant 
damage in leaf expansion could be noted only up to 2 km (39.6% to 
60.5%), whereas in the last stage the damage in area leaf 
remained confined to the vicinity of the pollution source 
(60.6%) i.e. at 0.5 km level only. The observations clearly 
TABLE 35 
The average area leaf""^ (cm^) in the population of Melilotus 
indicus a t s i t e s of varying dis tance from po l lu t ion source. 
The data within parenthesis ind ica te the per cent va r i a t ion 
over reference s i t e ' D ' . 
Si tes A B C D LSD a t 
Distance 0.5 km 2km 4km 20 km leve l 
January 0.39+0.08^ 0.50+0.11 0.64+0.13 0.72+0,16° 0.11 
(-45.9) (-30.1) (-10.7) 0.15 
February 0.62+0.11^ 0.99+0.24^ 1.27+0.24° 1.591.0.34^ 0.25 
(-61.1) (-37.7) (-20.1) 0.33 
March 0.45+0.12^ 0.79+0.23^ 1.20+0.29° 1.50+0.23^ 0.20 
(-69.7) (-^7.4) (-19.6) 0.27 
Mean +_ Standard deviat ion 
LSD : Least s ign i f i can t difference a t 5% and 1% leve l 
Figures with the same suffix are not s ign i f i can t ly d i f ferent 
(P > 6.05) from each other.. 
Above data have been reduced t o two decimal place for absolute 
values arid t o one decimal place for per cent v a r i a t i o n . 
TABLE 36 
The average area leaf (cm^) in the population of Euphorbia 
hlrta at sites of varying distance from pollution source. 
The data within parenthesis indicate the per cent variation 
over reference site 'D', 
Sites A B C D LSD at 
Distance 0.5 km 2 km 4 Ian 20 km level 
July 0.42+0.12^ 0.50+0.14^^ 0.69+0.16^ 1.32+0.42'^  0.21 
(-67.8) (-61.8) (-^ 7.9) 0.29 
August 1.88+0.42^ 2.88+0.52^ 4.06+1.11° 4.77+1.16° 0.73 
(-60.5) (-39.6) (-15.0) 0.98 
September 1.07+0.31^ 2.27+0.64^ 2.49+0.80^ 2.72+0.63^ 0.58 
(-60.6) (-16,6) (-8.4) 0.79 
Mean +^  Standard deviation 
LSD : Least significant difference at 3% and 1% level 
Figures with the same suffix are not significantly different 
(P >0X)5) from each other 
Above data have been reduced to two decimal place for absolute 
values and tq one decimal place for per cent variation. 
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indicated that the sensitivity of stands decreased with increas-
ing age and distance from the source of pollution. 
The data given in T&ble 37, on Trianthema portulacastrum 
—1 
show t h a t the average area leaf in the seedling stage decreased 
s ign i f i can t ly up to 4 km from the source of po l lu t ion as compared 
with the reference s i t e . In the middle stage, the po l lu t ion 
e f fec t was uniform a t s i t e 'A' and 'B ' and the difference between 
s i t e s ' C and 'D' was not s t a t i s t i c a l l y s ignif icant^ However, 
in the following stage ( in the month of September) the area leaf" ' 
a t s i t e ' C and 'D' differed s ign i f i can t ly . The per cent 
-1 
v a r i a t i o n ind ica tes t ha t the area leaf of T, portulacastrum was 
l e a s t sens i t ive (8c296 to 45,8?6) to a i r po l lu tan t s in the middle 
stage, of gro\rth. 
- i 3.8 Total Green Leaf Area Plant 
—-1 
Table 38 contains data on t o t a l green leaf area p lan t 
in Anagallis a r v e n s i s . The data indicate t ha t the t o t a l green 
leaf area p lan t was affected severely up to a distance of 4 km 
from the source of po l lu t ion in the seedling s tage , and the loss 
caused was t o an equal extent up to 2 km from the power p l a n t . 
In the following two stages a l so i . e . in the months of February 
and March, the s ign i f i can t adverse effect of po l lu t an t s on the 
green leaf area p lan t again extended up to 4 km l e v e l . The 
degree of the loss was almost s imi lar a t a l l the three growth 
stages and var ied between 90,8% and 94,8% a t s i t e 'A ' , 79o8% and 
88o4% a t s i t e 'B» and 70,6% and 70.8% a t s i t e ' C (Table 38) . 
TABLE 37 
The average a rea l e a f (cm'^) i n the p o p u l a t i o n of Trianthema 
por tu lacas t rum a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n source, 
The da ta wi th in p a r e n t h e s i s i n d i c a t e the pe r cen t v a r i a t i o n 
over re fe rence s i t e ' D ' , 
S i t e s 
Distance 
A 
0.5 km 
B 
2 km 
C 
4 km 
D 
20 km 
LSD a t 
5% & 1% 
l e v e l 
Ju ly 0 . 8 5 t 0 . 2 8 ^ 1.45+0.29^ 2.70+0.38° 3.10+0.47^ 0.35 
( -72 .6) ( -53 .2 ) ( -12 .8 ) 0 .47 
August 1.88+0.34^ 1.99+0.47^ 3.18+0.80^ 3.47+0.79^ 0 .54 
( -45 .8 ) ( -42 .5 ) ( -8 .2 ) 0 .74 
September 1.24+0.35^ 1.70+0.40^ 2 .52+0.49^ 3.35+0.87° 0 .49 
( -62 .9 ) ( -49 .2 ) ( -24 .9 ) 0 .66 
Mean +_ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 3% and ^% l e v e l 
F igu res with the same su f f i x a r e not s i g n i f i c a n t l y d i f f e r 2 n t 
(P >0.05) from each o t h e r . 
Above da ta have been reduced t o two dec imal p l ace f o r abso lu te 
v a l u e s and t o one decimal p l ace fo r p e r cen t v a r i a t i o n . 
TABLE 38 
Total green leaf area p lant (cm'^) in the populat ion of Ana/^allis 
arvensis a t s i t e s of varying distance from po l l u t i on source. 
The data within parenthesis indicate the per cent v a r i a t i o n 
over reference s i t e ' D ' . 
S i tes A B C D LSD a t 
Distance 0.5 km 2 km 4 km 20 km level ' ' 
January 1.49+0.23^ 3.28+0.62^ 8.30+1.78^ 28.4315.93^ 2.84 
(-94.8) (-88.4) (-70.8) 3.83 
February 6.96+0.90^ 25.51+4.90^ 37.17+6.45*^ 126.52+22.82^^11.04 
(-94.5) (-79.8) (-70.6) 14.91 
March 13.73+2.65^ 29o11+4.36^ 43.89+9.4^ 149.79+24.37^11.97 
(-90.8) (-80.6) (-70.7) 16.17 
Mean +_ Standard deviation 
LSD : Least s igni f icant difference a t 3% and 1% l eve l 
Figures with the same suffix are not s ign i f i can t ly d i f ferent 
(P > 0.05) from each other. 
Above data have been reduced to two decimal place for absolute 
values and to one decimal place for per cent v a r i a t i o n . 
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The r e s u l t s obtained on Chenopodium album are summarised 
in Table 39. The data indicate tha t the average green leaf area 
in the seedling stage was affected to a s imi la r ex ten t a t the 
f i r s t two s i t e s (88.5J6 a t s i t e 'A' and 84.796 a t s i t e 'B ' ) and 
showed a s ' ignificant reduction in i t s sever i ty a t 4 km leve l 
(74,7%), compared with the population a t s i t e ' D ' . In the 
—-I 
subsequent stages the total leaf area plant showed a signifi-
cant reduction up to 4 km level but the severity of the loss 
remained confined to the vicinity of the pollution source 
(96.0% and 97.4%). In the last stage, the leaf area plant"" 
repeated the trend of response observed in the first stage, 
The degree of the loss was almost uniform in the last three 
growth stages (Table 39). 
The data summarised in Table 40 are concerned with the 
population of Melilotus indicus and show that the green leaf 
area i.e. the photosynthetic area of the seedling population, 
suffered significantly up to site 'C, compared with the 
reference site 'D', but the maximum loss was recorded at site 'A' 
followed by the sites 'B' and 'C* in a decreasing order. In 
the middle stage, the degree of the loss was extended up to 4 km 
but the loss was statistically equal at 0.5 km and 2 km distances. 
In the last stage the trend of the loss was similar to that in 
the seedling stage (Table 40), However, the per cent loss showed 
an increase from the seedling (25.3% to 72.6%) to middle stage 
(33.7% to 91.5%) at all sites and then a marginal decline in 
the last stage (14.4% to 90.7%). 
TABLE 39 
Tota l green l e a f a r ea p l a n t (cm^) i n the popu l a t i on of 
Chenopodium album a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n 
s o u r c e . The da ta w i t h i n p a r e n t h e s i s I n d i c a t e the per cent v a r i a t i o n 
over r e fe rence s i t e 'D*. 
S i t e s 
Distance 
A 
0.5 km 
B 
2 km 
C 
4 km 
D 
20 km 
LSD a t 
5% & 1% 
l e v e l 
January 7.03i .1.05^ 9.70+1.76^ 16.10+^.08^ 63.58+11.64^ 5.47 
(-88.5) (-64.7) (-74.7) 7.38 
^a / . o ^ c ^ o r^ r^bC rr^ r^r^^rs / . - . C , , ^ . , ^ / ^ d February 12.82+1.59 4 8 . 6 5 + 8 . 7 6 ^ 69.06+10.41' '320.39+43.42 20.84 
( -96 .0 ) (--84.8) ( -78 .4 ) 28.15 
March 
Apr i l 
17.08+3.02^ 68.9719.70^*^103.49+18.01^647.17+93.24^ 45 .39 
( -97 .4 ) ( -89 .3 ) (-84c0) 61.29 
19.05+4.63^ 84 ,79+15 .62^^132.23+13.76^695.56+155.69^71.04 
( -97 .2 ) ( - 8 7 . 8 ) ( -80 .9 ) 95 .93 
Mean +_ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 5% and 1% l e v e l 
F igu res with the same s u f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each o t h e r . 
Above da ta have been reduced t o two decimal p lace for a b s o l u t e 
v a l u e s and t o one decimal p lace fo r pe r cen t v a r i a t i o n . 
TABLE 40 
To ta l green l e a f a rea p l a n t (cm^) i n the p o p u l a t i o n of Mel i lo tus 
i n d i c u s a t s i t e s of va ry ing d i s t a n c e from p o l l u t i o n s o u r c e . 
The da ta wi th in p a r e n t h e s i s i n d i c a t e t h e pe r cen t v a r i a t i o n over 
r e f e r ence s i t e 'D'o 
S i t e s A B C D LSD a t 
5 56 & 156 
Distance 0.5 km 2 km 4 km 20 km l e v e l 
January 2.77+0.12^ 4c33i .1 .01^ 7 .5+1.10^ 10.09+2.09^ 1.20 
( -72.6) ( -57 .0 ) ( - 2 5 . 3 ) 1.62 
February 11.84+2.27^ 26,81+^.06^ 92 .67+18 .80^39 .86+28 .04^ 15.91 
( -91 .5) ( -80 .8 ) ( - 3 3 . 7 ) 21 .48 
March 12.50+2.04^ 30.57+6.97^ 107.91+14.58*^142.96+28.40^ 14.88 
( -91 .2) ( -78 .6 ) ( - 2 4 . 5 ) 20.09 
Mean +_ Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r e n c e a t 5% and •]% l e v e l 
F igures with the same s u f f i x a r e no t s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each other*, 
Above data have been reduced t o two decimal p l ace fo r abso lu t e 
v a l u e s and t o one decimal p l ace fo r p e r cen t v a r i a t i o n . 
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The data on Euphorbia h l r t a are summarised in Table A1 . 
The t o t a l green leaf area p lant in the seedl ing stage suffered 
s ign i f i can t ly up to s i t e 'C*. However, the severe damage 
remained confined to the v i c i n i t y of the source. In the middle 
s tage, degree of the loss in t o t a l l ea f area was severe and 
s t a t i s t i c a l l y uniform up to 2 km dis tance , whereas the loss a t 
4 km distance was l e s s severe. In the l a s t stage the p a t t e r n 
of the loss repeated the trend noted in the seedl ing stage 
(Table 41 )o The degree of the loss increased from the seedling 
t o middle stage marginally i . e . from 81.6% to 86o4% a t si te 'A' , 
68.8% to 72.0% a t s i t e 'H and 44.4% to 56.9% a t s i t e 'C and then 
i t declined in the old stage (37.5% to 84.9%) o 
Hie data on Trianthema portulacastrum are summarised in 
Table 42 . I t i s evident t h a t the green leaf area suffered 
s ign i f i can t ly up to 4 km from the po l lu t ion source compared with 
the reference s i t e 'D' in a l l s tages of growth. However, in the 
l a s t stage the reduction in the leaf area was s t a t i s t i c a l l y 
uniform up to 2 km from the source of po l lu t ion (Table 4 2 ) . 
The data on per cent va r i a t i on indicate t h a t the t o t a l green 
""1 l ea f are p lant was highly affected in the l a s t stage (50,4% 
to 91.1%). 
3.9 Reproductive _fte sponse 
Figure 11 (A-F) shows data on average number of floral buds, 
flowers, fmaits, seed output, fruit wei^t, seed weight and per cent 
variation of these parameters obtained from Ana^His arvensis. 
TABLE 41 
Tota l green l e a f a r ea p l a n t " ' ( c m ^ ) i n the p o p u l a t i o n of Euphorbia 
h i r t a a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n s o u r c e . The 
da ta w i th in p a r e n t h e s i s i n d i c a t e the p e r cen t v a r i a t i o n over 
r e fe rence s i t e ' D ' . 
S i t e s A B C D LSD a t 
Dis tance 0.5 km 2 km 4 km 20 km l e v e l ' ' ^ 
Ju ly 3.27+0c63^ 5 .56+0,79^ 9.91+1.42^ 17 .8312 .8?^ 1.52 
( - 8 1 . 6 ) ( -68 .8 ) ( -44 .4 ) 2 .06 
August 25.77+7.47^ 52.99+12.60^ 81.52+21.07^ 189.21+^4.30° 28.26 
( -86 .4 ) ( -72 .0 ) ( -56 .9 ) 38.16 
September 33.81+10.24^ 78 .47+28 .95^39 .63+44 .20^ 223.42+71.19^ 37.56 
( -84 .9 ) ( -64 .9 ) (-37.5)" 50.72 
Mean +_ Standard d e v i a t i o n 
LSD : Leas t s i g n i f i c a n t d i f f e r e n c e a t 5% and ^% l e v e l 
F igures with the same s u f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each ol i ier . 
Above da ta have been reduced t o two decimal p l ace fo r a b s o l u t e 
v a l u e s arid t o one decimal p lace fo r p e r cen t v a r i a t i o n . 
TABLE 42 
Tota l green l e a f a rea p l an t " ' ' (cm^) i n the p o p u l a t i o n of Trianthema 
por tu lacas t rum a t s i t e s of v a r y i n g d i s t a n c e from p o l l u t i o n s o u r c e . 
The da ta wi th in p e i ^ n t h e s i s i n d i c a t e the p e r c e n t v a r i a t i o n over 
re fe rence s i t e ' D ' , 
S i t e s A B C D LSD a t 
Dis tance 0,5 km 2 k m 4 k m 20 km 1^^ 
l e v e l 
July 5 .18+1.41^ 9 .12+2.27^ 18.29+4.17*^ 31.59+5.42^ 3.59 
(-83.6) (-71 . l 7 (-42.lT 4.85 
August 52.96+14.46^ 72.15+12.81^193.66+^8.38^ 692.85+176.45^ 82.71 
( -92 .3) ( -89 .6 ) ( - 7 2 . 0 ) 111.69 
September90.51+17.96^170.30+43.40^507.12+165.22^ 1023.27+207.86^ 115.71 
( -91 .1 ) ( -83.3T ( - 5 0 , 4 ) 156.25 
Mean +^  Standard d e v i a t i o n 
LSD : Least s i g n i f i c a n t d i f f e r ence a t 3% and "]% l e v e l 
F igures with the same s u f f i x a r e not s i g n i f i c a n t l y d i f f e r e n t 
(P > 0 .05) from each o ther . 
Above data have been reduced t o two decimal p l ace fo r abso lu t e 
v a l u e s and t q one decimal p lace fo r p e r cen t v a r i a t i o n . 
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All reproductive parameters experienced a significant loss 
ranging from 3.4% to 85.0% up to a distance of 4 km from the 
source. The loss in floral buds, flowers, fruiteand seed output 
was to a similar tune up to 4 km and the difference was not 
statistically significant. The weight of fruits suffered almost 
equally up to a distance of 2 km from the pollution source. The 
degree of the loss was significantly low at 4 km distance compared 
with the difference noted up to 2 km from the source (Fig. 11 E). 
The seed weight (Fig. 11 F) reduced from 20.5% (site «A') to 
13.6% (Site 'B') and 3.4% (site 'C*) and showed a significant 
difference between the populations of any two sites. 
Figure 12 (A-F) shows number of clusters of cyme, average 
—1 —1 
fruiissnumber cluster , frniitB number plant , seed output, fruit 
wei^t, seed weight and per cent variation of these parameters 
in Chenopodium album growing at the selected sites. All these 
parameters show a linear increase with increasing distance from 
the source of pollution. Statistical analysis revealed that the 
—1 
number of clusters, fruits and seeds plant and the number of 
—1 
fruits cluster suffered significantly up to a distance of 4 km 
from the source, compared with the reference population. The 
—-1 
number of clusters of cyme_ fruits and seeds plant varied 
greatly up to a distance of 2 km from the source. However, the 
per cent loss in the fruit and seed output was almost equal in 
the first three sites. The number of fruits cluster"' consistently 
decreased to a significant extent with a decreasing distance I'rom 
the power plant complex (Fig. 12 B). The per cent loss in the 
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—1 
number of fruits cluster was the highest at site 'A' (84,1%). 
Fruit weight and seed weight were heavily affected in the 
vicinity of the source. The effect was not significant beyond 
2 km. The loss was meagre i.e. in the range of 16,1% to 36.1% 
and 5.9% to 23.6%, respectively compared with other selected 
reproductive parameters. 
Figure 13 (A-F) shows the number of floral buds, flowers, 
inflorescence, fruits and seeds and the weight of fruits and 
seeds as well as per cent variation of these parameters of 
Melilotus indicus collected from the selected sites. The 
reproductive aspects of the population got affected severely up 
to a distance of 2 km only but changes in the weight of fruits 
continued to be affected up to 4 km from the source of pollution 
(Fig, 13 A-F), The highest degree of loss of the order of 
83,6% was noted for the number of fruits plant and the minimiom 
effect (16,1%) was observed on the seed weight in the vicinity 
of the source, 
Figure 14 (A-F) shows the number of axillary clusters of 
—1 
cythia, fruits per axillary cluster, total fruits plant , seed 
output, weight of 1000 fruits and 1000 seeds and per cent 
variation of these parameters of Euphorbia hirta collected from 
the selected sites. The number of cythia clusters plant reduced 
significantly and uniformly up to a distance of 2 km (Fig, 14 A), 
While the number of fruits per cythia cluster and plant well 
as seed output suffered a significant loss up to 4 km from the 
source. At all the sites, the tendency of fruit to bear three 
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seeds remained unal te red . However, the degree of the loss in 
the f ru i t and seed output was the highest (52.7% to 75.5%) 
compared with other parameters. The f r u i t weight showed a 
s ign i f ican t loss of 11,6% in the population of s i t e 'A* and 
the seed weight s ign i f i can t ly decreased (3.5% to 12.2%) up to 
4 km from the source. 
Figure 15 (A-E) shows the number of f l o r a l buds which 
ul t imately developed in to flowers without any v a r i a t i o n in 
t h e i r number, f r u i t output, seed output, and weight of 1000 
f ru i t s and seeds as well as per cent va r i a t i on of these 
parameters of Trianthema portulacastrum col lec ted from the 
selected s i t e s . In a l l these parameters except the seed v/eight, 
an adverse e f fec t of a i r po l lu t an t s was noted up to a dis tance 
of 4 km. from the po l lu t ion source. The severe loss of seed 
w e i ^ t was noted a t the neares t s i t e . This was followed by 
s i t e 'B ' where the loss was l e s s but s t a t i s t i c a l l y s i g n i f i c a n t . 
Of the reproductive parameters studied the decrease in average 
seed output was the highest i . e . from 88.4% to 68.9% a t s i t e s 
•A' to ' C , The damage was noted to be the minimiom (29.3% to 
6o1%) for f r u i t weight a t s i t e s 'A' to •C and for the seed 
weight (29.6% to 18,4%) a t s i t e s 'A« and ' B ' , 
3.10 Net Primary Productivity; 
The data obtained on da i ly and seasonal net primary 
product ivi ty a t var ious growth stages of the se lec ted wi;iter 
weeds of wheat cropland are given in Tables 43-^7. The data 
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summarised in I^ble 43 show the da i ly net primary productivi ty 
•"-•1 •—1 . - i 
(mg plant day ) and seasonal net primary productivity (g plant 
season"^) of the populations of Anagallis arvensis. Results 
indicate that the net primary productivity suffered considerably 
in the vicinity of the source. This, however, increased linearly 
with increasing distance from the source of pollution. The 
seasonal net primary productivity followed a similar trend of 
response. On comparison, the degree of the loss in the net 
primary productivity (Table 43) was found to be the highest in 
the middle stage (83.5% to 95.196) and the least in the old stage 
(57.0% to 71.7%). 
Table 44 contains data on net primary productivity of 
Chenopodium album. The data on daily and seasonal net primaiy 
productivity showed an overall increasing trend of loss with 
decreasing distance from the source of pollution. The seedling 
population was least sensitive^ compared with the following three 
stages of growth. At the first three sites from the source, 
the degree of the loss in net primary productivity varied from 
66,3% to 98% during the last three growth stages i.e. from 
February till April (Table 44). 
Table 45 contains data on the daily and seasonal net 
primary productivity of Melilotus indicus. The net primary 
productivity varied at various sites and stages of growth on the 
pattern noted for Anagallis arvensis and Chenopodium a 'um. The 
heaviest loss in the net primary productivity was recorded at 
TABLE 43 
Average dai ly net primary product iv i ty (mg p lan t day ) in the 
population of Anagallis arvensis a t s i t e s of var ing distance from 
po l lu t ion source. The data within parenthes is indica te the 
per cent va r i a t i on over reference s i t e *D». 
S i tes 
Distance 
A 
0.5 km 
B 
2 km 
C 
4 km 
D 
20 km 
January 0.16 0.29 0.69 1 «66 
(-90.4) (-82.5) (-58.4) 
February 0.64 2.54 2.16 13.13 
(-95.1) (-80.6) (-83.5) 
March 2.19 2.32 3.79 7.74 
(-71.7) (-70.0) (-51.0) 
Seasonal NPP 0.09 0.15 0.20 0.66 
(g plant" ' ' (-86.4) (-77.3) (-69.7) 
seasoiT') 
NPP 5 Net primary productivi ty 
Above data have been reduced to two decimal place for absolute 
values and to one decimal place for per cent v a r i a t i o n . 
TABLE 44 
• — • 1 • • ' 1 
Average d a i l y n e t pr imary p r o d u c t i v i t y (mg p l a n t day ) i n the 
p o p u l a t i o n of Ghenopodium album a t s i t e s of v a r y i n g d i s t a n c e 
from p o l l u t i o n s o u r c e . The da ta w i t h i n p a r e n t h e s i s i n d i c a t e the 
p e r cen t v a r i a t i o n over re fe rence s i t e ' D ' . 
S i t e s A B C D 
Distance 0.5 km 2 k m 4 k m 20 km 
January 1.33 1.62 2 ,31 . <3.88 
( -65 .7 ) ( - 5 8 . 2 ) ( - ^ 0 . 5 ) 
February 0.72 4 .82 12.25 36.37 
( -98 .0 ) (86 .7 ) ( - 6 6 . 3 ) 
March 3.02 5.11 8 .44 31.78 
( -90 .5 ) ( -63 .9 ) ( - 7 3 . 4 ) 
Apr i l 2.45 6.01 2 .05 24 ,53 
( -90 .0 ) ( -75 .5 ) ( - 9 1 . 6 ) 
Seasonal NPP 0 .23 0.52 0 .74 2 ,86 
(g plant""" ( -91 .9) ( - 8 1 . 8 ) ( - 7 4 . 8 ) 
seasonT ' ) 
NPP: Net pr imary p r o d u c t i v i t y 
Above da ta have been reduced t o two decimal p l ace fo r a b s o l u t e 
v a l u e s arid t o one decimal p lace for p e r cen t v a r i a t i o n . 
TABLE 45 I 
Average d a i l y n e t primary p r o d u c t i v i t y (mg p l a n t day ) i n the 
popu la t i on of M e l i l o t u s i n d i c u s a t s i t e s of v a r y i n g d i s t a n c e 
from p o l l u t i o n s o u r c e . The da ta wirfhin p a r e n t h e s i s i n d i c a t e the 
pe r cen t v a r i a t i o n over r e f e r ence s i t e 'D'o 
S i t e s A B C D 
Distance 0,5 km 2 km 4 km 20 km 
January 0 .64 0.72 1 o6l 2c12 
(-69o8) ( - 6 6 . 0 ) ( -24 .0 ) 
February 1^20 3*90 13,74 18^37 
( -93 .5 ) ( - 7 9 . 0 ) ( -26 .0 ) 
March 3 ,13 2<,24 1,47 16.88 
( -81 .4 ) ( - 8 6 . 7 ) ( -91 .3 ) 
Seasonal NPP 0,15 0.20- 0.48 1,11 
(g plant"'' (-86.5) (-82.0) (-56.7) 
seasoiV-. ) 
NPP: Net primary productivity 
Above data have been reduced to two decimal place for absolute 
values and tg one decimal place for per cent variation. 
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site 'A' (93.5%) in the middle growth stage of Melilotus indicus 
i.e. in the month of February, However, the population of 
M, indicus were less sensitive in the seedling stage (24,0% to 
69o8%) than in the subsequent stages of growth. The seasonal 
net primary productivity showed a comparatively heavier loss up 
to 2 km level (82,0% to 86.5%) than that observed at 4 km 
(56o7%) from the source of pollution (Table 45). 
The data on the net primary productivity and seasonal net 
primary productivity of the selected monsoon weeds from maize 
croplands namely, Euphorbia hirta and Trianthema portulacastrum 
are summarised in Tables 46 and 47 respectively. The data 
revealed that the primary productivity and seasonal net primary 
productivity of both weeds decreased with the distance from the 
source of pollution, A considerable amount of loss was noted in 
the middle stage of Euphorbia hirta thriving at the first three 
sites (90%, 58.4% and 52.1% respectively) from the power plant 
(Table 46). 
The data summarised in Table 47 show that the net primary 
productivity of Trianthema portulacastrum was least affected by 
the pollutants in the seedling stage. However, the degree of 
the loss was the highest (87.1%) in the middle stage of growth. 
In the final stage of observation adverse effect of air pollution 
remained confined up to 2 km from the source of pollution. Thus, 
it can be inferred from the data obtained that the net primary 
productivity of Trianthema portulacastrum remained more sensitive 
TABLE 46 
—1 —1 
Average dai ly net primary p roduc t iv i ty (mg p lan t day ) in the 
population of Euphorbia h i r t a a t s i t e s of varying distance 
from pol lu t ion source. The data within parenthes is indicate the 
per cent va r i a t i on over reference s i t e ' D ' , 
Sites A B C D 
Distance 0.5 km 2km 4km 20 km 
July 0.64 1.59 1.97 2c64 
(-75.7) (-39.8) (-25.4) 
August 
September 
Seasonal NPP 
(g plant" ' ' 
season"^ ) 
2.24 
(-90.0) 
11.76 
(+4.8) 
0,44 
(-60.4) 
9.33 
(-58.4) 
9.92 
(-11.6) 
0o64 
(-42.3) 
10.76 
(-52.1) 
22.19 
(+97.8) 
1.06 
(-^ .5) 
22.45 
11.22 
1.11 
NPP; Net primary product ivi ty 
Above data have been reduced t o two decimal place for absolute 
values and to. one decimal place for per cent v a r i a t i o n . 
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from the middle to the last stage. The per cent loss in the 
seasonal net primary productivity was also heavy up to a 
distance of 2 km (72.6% to 85.5%) from the source of pollution 
(Table 47). 
TABLE 47 
—1 —1 Average daily net primary productivity (mg plant day ) in the 
population of Trianthema portulacastrum at sites of varying 
distance from pollution source. The data within parenthesis 
indicate the per cent variation over reference site 'D'. 
S i t e s 
Distance 
Ju ly 
August 
September 
Seasonal NPP 
(g p l an t " ' ' 
season ) 
A 
0«5 km 
1.49 
( -67 .2 ) 
6.59 
( - 8 7 . 1 ) 
12.12 
( - 8 5 . 3 ) 
0.61 
( -85 .5 ) 
B 
2 km 
1c6l 
( -64 ,6 ) 
14.96 
( -70 .8 ) 
21.25 
( -74 .3 ) 
1,15 
( -72 ,6 ) 
C 
4 km 
1.81 
( -60 .2 ) 
23.42 
( -54 .2 ) 
97.44 
(+18.0) 
3,70 
( -11 ,9) 
D 
20 km 
4,55 
51.17 
82.60 
4 .20 
NPP: Net primary productivity 
Above data have been reduced to two decimal place for absolute 
values and to one decimal place for per cent variation. 
D I S C U S S I O N S 
The e f f e c t s of a i r p o l l u t a n t s mainly of oxides of 
su lphur , n i t r o g e n and carbon t o g e t h e r with those of s e v e r a l 
o the r gaseous p o l l u t a n t s and p a r t i c u l a t e m a t t e r s have been s t u d i e d 
on a v a r i e t y of p l a n t s p e c i e s (See Tingey et_ al_., 1971; Bel l and 
Colough, 1973; Oshima et_ aO^., 1977, 1978; Bennett and Oshima, 
1976; Cowling and Lockyer, 1976; Ashenden, 1978; Pandey and Pteio, 
1978; Bennett e t a l . , 1979, 1980; Chaphekar and Boralkar , 1979; 
Singh and Rao, 1979; Ashenden and Wil l iams, 1980; Mej s t r ik , 1980; 
Raza and Banc, 1981; Periasamy and Vivekanandan, 1982; Vollmer 
e t a^ . , 1982; DuBay and Murdy, 1983a, 1983b; Mahoney ejt § 1 . , 1984; 
Maire and Ormrod, 1984; Lockyer, 1985; Pande and Mansfield, 1985; 
Anda, 1986; Kumar, 1986; Mishra and Shukla, 1986a, 1986b; 
Bytnerowicz et , al_. , 1987; Wel te rs and Martens 1987; Wright, 1987; 
Deveau e t al^,, 1987; Chappelka et_ a l . , 1988; Cooley and Manning, 
1988; Dueck et_ a l . , 1988; Goodyear and Ormrod, 1988) . A nijmber 
of wasteland weeds, v e g e t a b l e c rops and t imber t r e e s have been 
s tud ied for t h e i r r e sponses t o a i r p o l l u t a n t s caused by coa l 
burning i n the the rmal power p l a n t complex a t Kasirapur (Ghouse and 
Amani, 1978; Ghouse e t al_., 1980; Gupta, 1981; Amani, 1982; 
Khan, 1982; Ghouse and Khan, 1983, 1984; Khan and Khair, 1984, 
1985a, 1985b; Khan, 1985; Gupta and "Chouse, 1986, 1987a, 1987b; 
Gupta e^ a l , . , 1988; Khan and Ghouse, 1988) . 
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Root growth has seldom been studied for Its responses to 
various air pollutants. The air pollutants have not been found 
to penetrate the rooting media to exert a direct effect on roots 
(Tingey et.al.., 1971). In the present study, root length and 
root biomass in the population of Anagallis arvensis, Chenopodium 
album. Euphorbia hirta, Melilotus Indicus and Trlanthema 
portulacastrum show varying degrees of reduction with respect 
to age and distance from the source of pollution. The reduction 
in root biomass was found to be hl^er than in the root length 
in all the species studied. A similar trend of results with 
regard to root length and root biomass was noted earlier in the 
case of certain waste-land weeds viz., Abutilon indieurn, 
Achyranthes aspera, Calotropis procera. Cassia occidentalis. 
Croton bonplandianum and Xanthium strumarlum (Amani, 1982), 
Melilotus indica. Solanum nigrum (Ghouse and Khan, 1983, 1984), 
Polygonum glabrum. Desmodium triflorum. Gomphrena celosioides 
(Khan and Khair, 1984, 1985a, 1985b) Euphorbia hirta (Gupta and 
Ghouse, 1987a) and Anagallis arvensis (Khan and Ghouse, 1988) 
from the same locality. 
The root length and root biomass have been found to be 
reduced by various air pollutants under laboratory conditions by 
Adedipe et_ al. (1972) in Petunia, Tingey et_ al_, (1971; and 
Hogsett et, al_. (1984) in radish, Bennett and Oshima (1976) in 
carrot; Bennett and Runeckles (1977) in clover and ryegrass, 
Oshima e_t al. (1978) in parsley; Pandey and Rao (1978) in 
Triticum; Chaphekar and Boralkar (1979) in Crotalaria. Cyamppsis; 
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Singh and Rao (1979) in alfalfa; Sharma et al. (1979) in Allium 
sativum; Swannapinunt and Kozlowski (1980) in Robinia pseudoacacia 
and Acer sacchar; Mejstrik (1980) in Cucumis sativus and 
Nicotiana tabaccum: Raza and Bano (1981) in blackgram; Marie 
and Ormrod (198^) in tomato, Shimizu et al^ . (1984a, 1984b) in 
sunflower; Pande and Mansfield (1985) and Pande (1985a) in 
barley; Murray (l985a); Cooley and Manning (1988) in Medicago 
sativa; Sharma and Rao (1985) in Phaseolus aureus; Hogsett ejt al. 
(1985) in Pinus elliottii seedlings; Pande (I985b); Kumar (1986) 
in Vigna radiata; Wright (1987) in Be tula pendula and Be tula 
pubescens; Deveau et^  al^ . (1987) in soybean;' Dueck et^  al^ . (1988) 
in Agrostis capillaris and Petitte and Ormrod (1988) in potato. 
The shoot length in all the five species studied incurred 
a heavy loss in the close proximi-ty to the pollution source. The 
degree of the loss depended on the distance from the souixe and 
the stage of growth. The loss in the shoot length of Chenopodium 
album was greater than other selected weeds. Growth reduction 
in the shoot height has been reported earlier in a variety of 
plant species experiencing adverse effect of air pollutants 
(See Bell and dough, 1973; Cowling and Lockyer, 1976; Pandey 
and Rao, 1978; Crittenden and Read, 1978, 1979; Chaphekar and 
Boralkar, 1979; Shimizu et al_., 1980, 1984a; Swannapinunt and 
Kozlowski, 1980; Raza and Bano, 1981; Mahoney £t al_., 1984; 
Hogsett elb al., 1985; Pande, '985a, 1985b; Rao et al^ ., 1985; 
Sharma and Rao, 1985; Kumar, 1986), Particulate matters originat-
ing from a number of sources, besides gaseous pollutants, have 
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also been found to interfere with the normal shoot growth of 
several plants (Oblisami et_ al., 1978j Amani et_ al^ ., 1979; 
Singh, 1979; Borka, 1980; Amani, 1982; Yollmer et al., 1982; 
Ghouse and Khan, 1983, 1984; Khan and Khair, 1984, 1985a, I985b; 
Gupta and Ghouse, 1986, 1987a, 1987b). 
In the present study,shoot biomass suffered more than the 
shoot length. Many workers have noted a remarkable loss in dry 
matter accumulation attributable to various air pollutants 
studied alone and in combinations on Lolium perenne (Bell and 
Clough, 1973; Bleasdale, 1973; Ayazloo et_ al,., 1980); wheat 
(Pandey and Rao, 1978); Abelmoschus, Crotalaria, Cyamopsis and 
Trigone11a species (Chaphekar and Boralkar, 1979), radish, 
(Hogsett et, al_., 1984); tomato (Marie and Ormrod, 1984); 
sunflower (aiimizu et, al., 1984a); barley (Mahoney et, al_,, 1984; 
Pande and Mansfield, 1985); Phaseolus vulgaris (Ito et al..l985); 
pactylis glomerata, Lolium multiflorum. Lolium perenne, and 
Phleum pratense (Lockyer, 1985); yellow poplar (Chappelka et al., 
1985); Phaseolus aureus (Singh and Rao, 1986); Vigna radiata 
(Pande, I985b; Kumar, 1986); birch clone (Wright, 1987); 
Agrostis capillaris (Dueck et, al,., 1988); alfalfa (Cooley and 
Manning, 1988), blackgram (Raza and Banc, 1981)« Murty and 
Anuradha (1984) noted a considerable reduction in the phytomass 
of Cassia tora caused by air pollutants emitted from a ferrow-
alloys factoryc Mishra and Shukla (1986a) noted a reduced dry 
matter production of maize and soybean crops due to fly-ash 
released from, a coal-fired power plant. Recently Goodyear and 
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Ormrcxi^  (1988) have noted similar results with tomato in a 
sequential exposure to O3 and NO2. 
Some workers reported varying degrees of loss in the 
shoot biomass of weeds growing in the wastelands around the 
thermal power plant complex of Kasimpur (See Amani, 1982; 
Ghouse and Khan, 1983, 19»+; Khan and Khair, 1984, 1985a, 1985b; 
Khan, 1985; Gupta and Ghouse, 1987a). • Loss in the shoot growth 
of certain vegetable crops was reported from the same locality 
by Gupta (1981) and Gupta and Ghouse (1987b)« 
The root:shoot ratio of the selected species increased 
in response to air pollution. The per cent increase in the 
root:shoot ratio near the source of pollution was the highest 
in Anagallis arvensis, followed by Trianthema portulacastrum. 
Euphorbia hirta. Chenopodium album and Melilotus indicus. In 
the present study, the increase in the root:shoot ratio 
indicates that the carbon partitioning towards the root has 
been more than towards the shoot« These results are in 
conformity with the earlier ones on a number of wastelands weeds 
of Kasimpur (Amani, 1982; Ghouse and Khan, 1983, 1984; Khan and 
Khair, 1984, 1985a, 1985b; Gupta and Ghouse, 1987a), on some 
vegetable crops (Gupta, 1981; Gupta and Ghouse, 1987b) and maize 
crops (Deveau et_ al., 1987). 
Contrary to the present findings, in a nxjmber of cases 
the root:shoot ratio decreased as a result of the exposure to 
various noxious gases (Tingey et al_., 1973; Tingey and Re inert, 
1975; Ormrod, 1982). Bennett and Oshima, (1976)and Bennett and 
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Rauneckles (l977)noted a significant decrease in the root:shoot 
ratio of carrot, clover and ryegrass on exposure to 0,. 
Ito et_ al^ , (1985) found a decreased root: shoot ratio in kidney-
bean plant on fumigation with various doses of NOp and 0^ alone 
and in combination, although a low concentration of 0^ (0.1 ppm) 
increased the root:shoot ratio marginally in the same experiment 
(Ito et_ al_., 1985). Okano et al^ . (1985) noted an increase in 
the root:shoot ratio in sunflower exposed to 0,2 ppm NOp and a 
decrease in the ratio when exposed to 1.0 ppm of N02» Pande and 
Mansfield (l985) noted an increase in the root:shoot ratio of 
barley on fumigation with 100 nl litre NO2 and a decrease on 
exposure to 100 nl litre"' NO2 alone and in combination with 
100 nl litre"'' SO2. Murray (1985a) found a decreased in the 
root:shoot ratio in Medicago sativa on fumigation with SO2. 
Sulphur dioxide was foimd to increase the root:shoot ratio in 
Lolium multiflonjm and L. perenne (Lockyer, 1985). However, in 
the same experiment, SOp decreased the ratio in Dactylis ^lomerata 
and Phelum pratense (Lockyer, 1985). The report on the effect 
of SOp and NOp alone and in combination revealed that the root: 
shoot ratio decreased in Vipjria radiata on a 10 day exposure but 
it increased on a 20 day exposure (Kumar, 1986). Wri^t (1987) 
found a significant decrease in the root:shoot ratio in Betula 
pendula on exposure to SO2 alone and in combination with NO2. 
Recently, Chappelka et^  al. (1988) have found that the ratio in 
yellow poplar decreased linearly with concentration of simulated 
rain on exposure to 0.15 Ml litre ozone, but at constant pH 
(5.6) it increased with increasing 0^ concentration. The work 
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of Dueck et_ al^ . (1988) indicates that the ratio in Agrostis 
capillaris increases on exposure to 0-z alone and in combination 
with S02» but it decreases on adding NO2 to S02+0^. 
Of the five weeds selected for the present study, 
Anagallls arvensis, Chenopodlum album and Trianthema portulacastrum 
have shown a maximum reduction in the number of leaves plant 
and area leaf in response to air pollutants. The total green 
leaf area plant"'' was severely affected in all the selected 
weeds except in Euphorbia hirta which showed a lesser degree of 
sensitivity to the pollutants. Nearly 80?^  reduction in leaf area 
caused by the coal burning in the power plant was noted in 
Melllotus indicus by Ghouse and Khan (1983) and in Polygonum 
glabrum by Khan and Khair (1984). Heavy reduction in total 
photosynthetic area and leaf number due to air pollution was 
noted also in Solanum nigrum (Ghouse and Khan, 1984); 
Gomphrena celosioides (Khan and Khair, 1985a) and Desmodium 
triflorum (Khan and Khair, 1985b). Amani (1982) and Amani and 
Ghouse (1978) reported a significant reduction in the leaf 
number and total green leaf ai^a in Abutilon indicum, Calotropis 
procera, Croton bonplandianum and Jtanthium strumarium; and in 
Vigna sinensis and Dolicus la blab respectively. From the same 
locality, a reduction in the leaf number was reported in 
Abelmoschus esculentus and Euphorbia hirta (Gupta and Ghouse, 1986, 
1987b, 1987a). Raza and Chapala (1984) observed the leaf area 
damage to be proportional to be leaf number meter"^ in a grassland 
vegetation at an urban site. Pande (1985a) reported that SOp 
reduced the number of tillers, number of leaves, leaf area, leaf 
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biomass, root and shoot biomass of 5 cultivars of barley. Pandey 
(1985) noted a reduction in the leaf area of Terminalia tomentosa 
and Buchanania lanzan caused by a source of fluoride emission. 
Raza and Bano (1981) observed a serious damage in the 
leaf number of blackgram exposed to ammonia. Cement dust deposi-
tion has been found to reduce the leaf number in wheat (Singh, 
1979). Murty and Anuradha (1984) observed a reduction in the 
leaf size of Cassia tora due to dust pollution caused by a 
ferro-alloys factory. Dubey and Pawar (1985) reported a reduction 
in the leaf area of certain trees (Azadirachta indica, 
Clerodendmjm indicum. Dalbergia sissoo. Eucalyptus gpp, and 
Mangifera indica) as a result of particulate matter deposition 
in a heavily polluted locality. 
—-1 
Reduction in the leaf number and leaf area plant due to 
various air pollutants was reported in gladiolus (Bi^wer et^  al., 
1956), Lolium multiflorum and Trifolium incarnatum (Bennett and 
Runeckles, 1977), Dactylis glomerata (Ashenden, 1978),cotton 
(Oblisami et_ al^ ., 1978), wheat (Pandey and Rao, 1978), Lolium 
multiflorum and Phleum pratense (Ashenden and Williams, 1980) 
yimus amerlcana (Constantinidou and Kozlowski, 1980), tomato 
(Marie and Ormrod, 1984; Goodyear and Ormrod, 1988; Ormrod e_t al., 
1988), Hordeum vulgar^ (Ashmore and Onal, 1984; Pande and 
Mansfield, 1985)i sunflower (Okano et_ al,., 1985) Phaseolus aureus 
(Sharma and Rao, 1985; Singh and Rao, 1986), Vigna radiata 
(Kumar, 1986), soybean (Deveau e_t al_., 1987), Medicago satlva 
(Cooley and Manning, 1988) and potato (Petitte and Ormrod, 1988). 
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The number of floral buds in the selected winter and 
monsoon weeds reduced considerably as a result of air pollution. 
The maximum reduction was found in Anagallis arvensis followed 
by Trianthema portulacastrum and Melilotus indicus. A higher 
—I 
degree of loss in flower number plant was also observed in 
Anagallis arvensis. The fruit setting, fruit weight, seed 
output and seed weight of the selected species were also highly 
affected by the pollutants. The maximum effect similar to that 
on the vegetative phase was observed in reproductive phase of 
Chenopodium album while the effect was the minimum in Euphorbia 
hirta. Ozone and sulphur dioxide significantly reduced the seed 
and pod yield of soybean (Reich and Amundson, 1984). Sharma and 
Rao (1985) found a reduced seed number, seed weight and seed 
yield of Phaseolus aureus caused by gaseous air pollutants (SO2 
and HF), Sulphur dioxide was found to reduce the seed yield in 
wheat and lettuce (Olszyk et, al_., 1986; Bytnerowicz et al_., 1987). 
Brewer £t al_. (1966) observed a reduce flower size and number of 
florets of gladiolus on fumigation with hydrogen fluoride. 
Bennett et_ al_. (1979) reported a 5^% reduction in total fruit dry 
weight of Capsicum annum caused by ozone. Staniforth and Sidhu 
(1984) found a considerable damage in the number of flower, fruit 
and seed as well as in fresh weight of blue berry grown in the 
vicinity of a fluoride emitting phosphorus plant. Similarly 
a reduction in the fruit weight and leaf area in Eucalyptus 
punctata was noLed near a source of fluoride emission (Murray, 
1985b). Flowers and fruits were found to be severely affected by 
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a i r po l lu tan ts in Mangifera indica (Rao, 1972; Pawar and Dubey, 
1983), Acacia arablca and Delonix regia (Pawar, 1982). Ozone was 
found to affect the y ie ld of economically important plant pa r t s 
in tomato (Oshima e t a a . , 1977; MacLean and Schneider, 1976; 
Henderson and Reinert, I979);'^sweet corn (Thompson e t al^., 1976); 
soybean (Reich e t a l . , 1982; Kress and Mil ler , 1983; Howell 
£ t a l , . , 1979; Mulchi et. al_., 1988);wheat (Heagle et. al , . , 1979), 
snap beans (Bennett et, a l . , 1980; Heggestad e t aj^., 1980), red 
kidney bean (Kohut and Laurence, 1983)J l e t t u c e , green onion, 
tu rn ip and sugar beet (McCool e t al^., 1987), Potato (Kumar and 
Yadav, 1986; Pe l l £ t al^., 1988), Muskmelon (Snyder ejt a l . , 1988). 
The cement dust po l lu t ion affected the y ie ld of a var ie ty of 
p lan t s (Darley, 1966, Anda, 1986). Mishra and Shukla (1986b) 
noted a reduction in the h e i ^ t , dry weight, seed number and seed 
weigjit of com and soybean growing in a s o i l amended with fly ash 
of a coal burning power p l a n t , A considerable loss in the flower 
and f ru i t se t due t o coal burning was reported in ce r t a in weeds 
(Amani, 1982; Khan, 1985); vegetables (Gupta,1981; Gupta and 
Ghouse, 1986, 1987b) and timber t r e e s (Ghouse and Amani, 1978; 
Khan, 1982; Gupta e t a l . . , 1988), Loss in f r u i t se t a t t r i bu t ab l e 
t o a i r po l lu tan t s was observed i n apple, plum, prune and peach 
(Miller et_ al . , , 1948, 1952), orange and c i t r u s (Leonard and 
Graves,1966, 1970),Thompson and Taylor, 1966, 1969) and tomato 
(Manning and Vardaro, 1974). 
I t i s l i ke ly t ha t a i r p o l l u t i o n in the present study 
might have a l t e red the events of seed se t and f r u i t se t i nd i r ec t ly 
by reducing or s t imulat ing pol len formation, pol len germination and 
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pol len tube gro\\rth or by in t e r f e r ing with other fac tors involved 
in the process as observed in a number of cases (Pacteau e_t a l . , 
1973; Facteau and Rowe, 1981; Varshney and Varshney, 1981; 
Bonte, 1982; DuBay and Murdy, 1983a, 1983b; Cox, 1984; Linskens 
e t a l . , 1985; McCall and Primack, 1985; Wolters and Martens, 1987). 
Seed s e t per p lant was d i r ec t l y re la ted with the pol len germina-
t i on per stigma in Geranium carolinianum exposed to SO2 a t a 
hig^ r e l a t i v e hiamidity (DuBay and Murdy, 1983a). Pinum strobus 
and Pinus resinosa t r e e s growing in a highly pol lu ted area 
produced l e s s number of viable pol len grains and fewer seeds per 
cone (Houston and Dochinger, 1977). 
The net primary product iv i ty of a l l the five weeds has 
been fotmd to undergo a considerable reduction under the s t r e s s 
of a i r p o l l u t i o n . Monsoon weeds showed a l e s s e r degi^e of loss 
compared with the winter season weeds. A heavy loss in net 
primary product iv i ty was observed in Vigna r ad ia t a caused by 
SO2 and NO2 (Kumar, 1986) and Phaseolus aureus exposed to SO2 
(Singh and Rao, 1986), The loss in net primary product iv i ty 
increased with increasing concentrat ion of sulphur dioxide 
(Singh and Rao, 1986). In the present study the magnitude of 
the loss was found to be the highest near the source of po l lu t i on . 
Bell et, a l . (1979) a l so reported a nearly ^3% reduction 
in dry matter production in Lolium perenne a f t e r 40 days exposure 
to O0I2 ppiu SO2. A reduction in phytomass and net primary 
product iv i ty caused by SOp and f ly ash was noted in Gicer arietenum 
(Dubey et_ al^,, l983)o Sharma and Rao (1985) found a considerable 
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reduction in net primary productivity of Phaseolus aureus on 
exposure to SO2 and HF singly and in mixture. Sulphur dioj<ide 
caused a significant reduction in standing biomass and net 
primary productivity of Solanum tuberosum (Kumar and Yadav, 1986), 
Prasad (1980) found a considerable reduction in net primary 
productivity of wheat plants as a result of gaseous air 
pollutants. Agarwal (1982) noted a heavy loss in the productivity 
of Oryza sativa and Vicia faba on fumigation with ozone and 
sulphur dioxide gases, singly and in combination, fteza and Bano 
(1981) noted a significant loss in the net primary productivity 
of blackgram exposed to ammonia gas. Bennett ejb al. (1979) found 
a significant reduction in the total plant dry weight of 
Capsicum annum exposed to 0,2 ppm 0-», The phytomass of wheat 
was found to reduce with decreasing distance from a cement 
factory (Sin^, 1979), Ozone was held responsible for a 21-50% 
loss in the dry matter production of Pinus elliottii and 
Pinus densa (Hogsett et al_., 1985). Air pollutants arising out 
of coal burning have been found to affect the productivity of 
certain vegetable crops (Gupta, 1981; Gupta and Ghouse, 1987b), 
and weeds (Amani, 1982; Khan, 1985). The dry matter production 
of certain wasteland weeds also reduced significantly by the air 
pollutants of the thermal power plant (Ghouse and Khan, 1983, 
1984; Khan and Khair, 1984, 1985a, 1985b). 
4o2 I'^£lyi5°®_2^ ^ se_and Growth_Stage 
The leaves have especially been emphasised to study the 
influence of air pollutants, singly or in combinations, with 
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respect to age and developmental s t ages . Any s igni f icant amount 
of damage or obstruct ion in the normal physiology of leaf may 
affect overal l growth and development of various other pa r t s of 
a sensi t ive species , p a r t i c u l a r l y a t the age of maximum 
s e n s i t i v i t y . Root length and leaf size of Anagallis arvensist 
Euphorbia h i r t a and Trianthema portulacastrum were h i ^ l y 
sensi t ive during the seedling s tage , but the l e a s t in 
Chenopodium album and Melilotus ind icus . 
In the present study the reduction in root biomass, 
shoot biomass and net primary product iv i ly were the highest in 
the middle stage in most of the selected weeds. Leaf number and 
t o t a l green leaf area in most of the species were l e a s t sens i t ive 
in the seedling s t ages . I n t e r e s t i n g l y , in the f i r s t stage of 
growth of Melilotus indicus . the loss in area leaf"^ l imited 
within a distance of 2 km from the source extended far ther to a 
distance of 4 km in l a t e r s tages of growth. This development in 
the leve l of s e n s i t i v i t y a t f a r t h e r s i t e s may be associated with 
increased cumulative doses of a i r po l lu t an t s in subsequent stages 
of growth. Contrary to t h i s , Euphorbia h i r t a showed a remarkable 
—1 
recovery in area leaf with increasing age . In other words, 
are leaf in the f i r s t stage of Euphorbia h i r t a was s ign i f ican t ly 
affected upto a distance of A km from the power p lan t , but in 
the second stage the loss was l imited upto 2 km and in the old 
stag^ the loss remained confined to the v i c i n i t y of the source. 
This indica tes t h a t the leaf expansion in t h i s case rai^t have 
developed a res i s tance to a i r po l l u t an t s with the age. 
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hlenser and Heggestad (1966) noted that the matured leaves 
of tobacco were most sensitive to 0, + SO2 exposure, while the 
middle aged leaves of three petunia cultivars were found to be 
more sensitive to the same combination of pollutants (Elkiey and 
Ormrod, 1979). The middle shoot leaves of grape and apple were 
most sensitive to a combination of SOp + 0, (Shertz e_t al., 1980). 
Ashenden and Mansfield (1978) found that reduction in dry weight 
of four grass species was associated with leaf area in a long 
term exposure to SO2+NO2. It was noted later that the exposure 
of Dactylis glome rata and Poa pratensis to the same mixture of 
gaseous air pollutants caused a reduction in leaf area and dry 
wei^t, which was found to be associated with decrease in leaf 
number and tillers (Ashenden, 1979). Bell et_ al^ . (l979) noted a 
significant reduction in relative growth rate (RGR) in early and 
final stage of Loliim perenne on fumigation with SOp. The maximum 
reduction in plant heigjit due to ammonia pollution was noted in 
the old stage but the biomass reduced maximum in the second stage 
of blackgram (Raza and Banc, 1981). Recently, the highest 
, reduction in the leaf number, phytomass and net primary productivity 
of Fhaseolus aureus was noted in the middle stage caused by the 
gaseous air pollutants (Sharma and Rao, 1985). Yunus et. al. (1983b) 
noted that SO2 caused a reduction in phiotosynthetic area, phytomass 
and height of the Calendula officinalis and Dahlia rosea plants 
and this increased age. The leaf size in Terminalia tomentosa and 
BuL.janania lanzan decreased with increasing age of the species 
thriving near a fluoride emission source (Pandey, 1985). The 
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plant height and leaf number of Phaseolus aureus were l e a s t 
sens i t ive to SO- in ear ly stage (Singh and Rao, 1986). 
Photosynthetic area was found to be highly affected by SO2 in 
Phaseolus aureus a t the time of flowering and f ru i t i ng (Singh 
and Rao, 1986). The degree of loss in root , shoot biomass 
and net primary product iv i ty of Vigna rad ia ta increased with 
increasing age of exposure to SO2 (Kumar, 1986). In the present 
study, maximum per cent increase in the root :shoot r a t i o due to 
a i r po l lu t ion was noted to occur in the middle stage of 
Anagallis a rvens i s , Chenopodium album, Melilotus indicus , 
Trianthema portulacastrijun, but i n the case of Euphorbia h i r t a 
the r a t i o was to the maximtun in the seedling s t age . Gupta (1981) 
found a maximum per cent increase of the root :shoot r a t i o a t the 
middle stage of okra growing near a po l lu t ion source. 
^•^ In;flue,Qce_ o^,,Site, I^catlon_ and tfete 
A number of fac tors v i z . , wind d i rec t ion , wind ve loc i ty , 
r e l a t i v e humidity, temperature, r a i n f a l l , l i g h t per iod, and l i g h t 
i n t ens i t y have been foxand t o influence the s e n s i t i v i t y of a 
species to a i r po l lu t i on (deOng, 1946; McCormick, 1968; Jeager and 
Banfield, 1970; Wilhour, 1970; Ashenden and Mansfield, 1977; 
Heck and Dunning, 1978; U.S. Environmental Protec t ion Agency, 
1978; Elkiey and Ormrod, 1979; Rist and Davis, 1979, 1980; 
Shimizu et_a]^., 1980; Lai and Ambasht, 1981; Unsworth, 1981; 
Jones and Mansfield, 1982; Ormrod, 1982; Hunt and Black, 1988). 
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The increased pollutant sensitivity is directly related 
to an increased stomatal opening and hence pollutant uptake is 
related to high and low humidities (Flich and Turner, 1972; 
Dunning and Heck, 1973; Norby and Kozlowski, 1982; Jensen and 
Roberts, 1986). Relative humidity is one of the most important 
factors influencing the sensitivity of plants to air pollutants. 
Kobriger and Tibbitts (1985) observed a heavy leaf injury in 
Pisum sativum when a high relative humidity was maintained and 
plants were exposed to 0^ and S0_ either alone or in combination. 
Plants were found to be more sensitive to SOp and possibly to 
other pollutants during winter when light availability was 
reduced and temperatures were relatively low (Bell et_ al., 1979; 
Davies, 1980). Miller and Davis (1981) noted a higher per centage 
of leaf injury in Phaseolus vulgaris on exposure to 0^ and 0^+S02 
at low temperature. 
Growth responses of Chenopodium album and Melilotus indicus 
in the present study were least affected despite a high relative 
humidity in January and the loss were severe in later months. 
The meteorological data of the locality have revealed that the 
leeward directions towards the sites and the wind velocity were 
least in the month of January compared to that in later months 
of growth. 
Ashenden and Mansfield (1977) also noted a significant 
reduction in the leaf area and dry weight of Lolium perenne 
on exposure to SOp at high wind speed. The maximum sensitivity 
of the monsoon weeds i.e., Euphorbia hirta and Trianthema 
portulacastrum was, noted in the month of August. The wind 
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direction towards the site and rain fall in the month of August 
were also the maximum showing a relationship between these 
factors and the degree of response to air pollutants. Falling 
rain drops may transet the plume of effluents growing from source 
towards the sites and may bring the pollutant down to the plants 
more rapidly (Stern, 1968). Pandey (1985) also found a consi-
derable reduction in photosynthetic area of Terminalia tomentosa 
and Buchanania lanzan caused by air pollutants in the high humid 
months viz. December and February and the minimum in the month 
of Jvine (having a low humidity). 
A direct relationship between the sensitivity of the 
selected species and distance from the source of- pollution was 
also observed in the present study. Earlier workers noted a 
similar relationship in a number of taxa (deOng, 1946; Lai and 
Ambasht, 1981; Ivinskis and Murray, ^ 1984; Dubey and pa,war,1985; 
Khan, 1985; Pandey, 1985j IChan and Ghouse, 1988 ) . The winter 
weeds in the present study have shown a greater degree of 
response to air pollutants while the monsoon weeds have given 
a poor responseo This may also be due to greater amounts of 
coal consiAmption during the winter season than in the monsoon 
season causing a greater release of noxious air pollutants during 
winter months. 
In general, the growth responses recorded in the present 
study in relation to distance from the s arce of pollution as 
well as to seasonal condition clearly indicate that the different 
species studied behave differently under a similar set of 
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environmental conditions and in different seasons. Even in view 
of the various complexities under field condition (viz., seasonal 
and monthly variation in the coal consumption rate, relative 
humidity, wind direction, wind velocity, temperature and rainfall 
etc.), analysis of results of the present study has established 
that the suppressed growth of the selected weeds by air pollutants 
is correlated with distance, age and with a number of prevailing 
meteorological factors around the selected sites. To arrive at 
more valid conclusions in this regard, further studies dealing 
with the prevailing individual environmental factors and the 
nature of habitat need to be carried out. 
C O N C L U S I O N S 
The parameters se lec ted t o study the vegeta t ive responses 
a t the monthly i n t e r v a l s are root length, root biomass, shoot 
length, shoot biomass, root : shoot r a t i o , leaf number, area 
l ea f , t o t a l green leaf area and net primary produc t iv i ty . The 
reproductive parameters studied on maturity includes number of 
inf lorescences, buds, flowers, f r u i t s , seeds and weight of 1000 
f r u i t s and seeds• 
Different species behave d i f fe ren t ly in t h e i r degree of 
response under a s imi la r s e t of environmental condition and in 
d i f ferent seasons. 
According t o the degree of response for d i f fe ren t 
parameters, the se lec ted species are l i s t e d below in a decreasing 
order of s e n s i t i v i t y . 
Root Length 
Melilotus indicus > Anagallis arvensis > Trianthema portulacastrmn 
Chenopodium album > Euphorbia hirta. 
Root Biomass 
Chenopodium album > Melilotus indicus > Euphorbia hirta > 
Anagallis arvensis > Trianthema portulaca strum. 
Shoot Length 
Chenopodium album > Melilotus indicus > Euphorbia hirta > 
Anagallis arvensis > Trianthema portulacastrum. 
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Shoot Blomass 
Anagallls arvensis > Chenopodlum album > Melilotus indicus > 
Euphorbia hlrta > Trianthema portulacastrum. 
Leaf Number 
Chenopodlum album > Anagallis arvenvls > Trianthema portulacastrum > 
Melilotus indicus > Euphorbia hirta. 
Area Leaf 
Anagallis anrensis > Chenopodlum album > Trianthema portulacastrum> 
Melilotus indicus > Euphorbia hirta. 
Total Green Leaf Area 
Chenopodlum albxim > Anagallls arvensis > Trianthema 
portulacastrum > Melilotus indicus > Euphorbia hirta. 
Net Primary Productivity 
Chenopodlum album > Anagallls arvensis > Melilotus indicus > 
Euphorbia hlrta > Trianthema portulacastrum. 
Fruit Number 
Chenopodlum album > Trianthema portulacastrum > Melilotus 
indicus > Anagallls arvensis > Euphorbia hlrta. 
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Seed Output 
Chenopodlum albiim > Trianthema portulacastrum > AnagaHis 
arvensis > Melllotus indicus > Euphorbia h i r t a . 
Weight of 1000 F r u i t s 
Anagallis aryensls > Chenopodlum album > Trianthema portulacastrum > 
Melllotus Iridic us > Euphorbia h i r t a . 
Weight of 1000 Seeds 
Trianthema portulacastrum > Chenopodlum album > AnagaHis arvens is > 
Melllotus indicus > Euphorbia h i r t a . 
The d i f f e ren t parameters sens i t ive to a i r po l l u t an t s ai*e 
arranged below in a decreasing order of s e n s i t i v i t y for d i f f e r en t 
species s tud ied , 
A n a ^ l l l s a rvens is 
Net primary product iv i ty > Shoot blomass > Total green lea f area > 
—1 Leaf number > Seed output > Area l ea f > Fru i t niimber > Root 
blomass > Shoot length > Root length > Wel^ t of 1000 f r u i t s > 
Wei^ t of 1000 seeds . 
ChenopodlTim album 
Seed output > Net primary product ivi ty > Fru i t nvmiber > Total 
green leaf area > Shoot blomass > Root blomass > Leaf number > 
Area leaf"'' > Shoot length > Root length > Weight of 1000 f r u i t s > 
Weight of 1000 seeds . 
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Mell lotus I n d l c u s 
Net primary p r o d u c t i v i t y > T o t a l green l e a f a r ea > Shoot biomass > 
Root biomass > F r u i t number > Seed output > Leaf niamber > Area 
leaf" ' ' > Shoot l e n g t h > Root l eng th > Weight of 1000 f r u i t s > 
Weight of 1000 s e e d s . 
Euphorbia h i r t a 
Net primary p r o d u c t i v i t y > Shoot biomass > T o t a l green l e a f a rea > 
Root biomass > F r u i t number > Seed output > Area leaf""' > 
Leaf number > Shoot l eng th > Root l eng th > Weight of 1000 seeds > 
Weight of 1000 f r u i t s . 
Triantheaa portulacastrum 
Tota l green l e a f a r ea > Seed ou tpu t > Net pr imary p r o d u c t i v i t y > 
Shoot biomass > Leaf number > F r u i t number > Area l e a f > 
Root biomass > Shoot l eng th > Root l eng th > W e i ^ t of 1000 seeds > 
Weight of 1000 f r u i t s . 
The c o l l e c t i v e s e n s i t i v i t y l e v e l shown by the d i f f e r e n t 
parameters i n the f i ve s e l e c t e d weeds may be a r ranged i n the 
fo l lowing o r d e r : 
Seed output > Net pr imary p r o d u t i v i t y > F r u i t number > Tota l 
green l e a f a r ea > Shoot biomass > Root biomass > Leaf number > 
Area leaf""" > Shoot l eng th > Root l e n g t h > Weight of 1000 f r u i t s > 
Weight of 1000 seeds« 
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The following l i s t shows the h i ^ l y sens i t ive stages in 
the selected species with reference to d i f fe ren t parameters. 
Anagallis arvensis 
I , Total green l ea f area > !• Area leaf"^ > I , Shoot length > 
I , Root length > I I , Net primary product iv i ty > I I , Shoot biomass > 
I I . Leaf number > I I , Root biomass. 
Chenopodium album 
I I , Net primary product iv i ty > I I . Shoot biomass > I I , Root 
biomass > I I . Shoot length > I I I , Total green leaf area > 
-1 
I I I , Leaf number > I I I . Root length > IV. Area l ea f , 
Melilotus indicus 
II. Net primary productivity > II. Total green leaf area > 
II, Shoot biomass > II, Root biomass > II. Leaf number > 
II. Shoot length > II. Root length > III, Area leaf"'' 
Euphorbia hirta 
I. Area leaf"^ > I. Root length > II. Net primary productivity > 
II, Shoot biomass > II, Total green leaf area > II, Root biomass > 
II. Leaf number > II. Shoot length. 
Trianthema portulacastrum 
I. Area leaf"'' > I. Root length > II, Total green leaf area > 
II, Net primary productivity > 11, Shoot biomass > II. Leaf 
number > II. Shoot length > III, Root biomass. 
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The results obtained in the present study and some 
factors of the local environment showed the following variations 
Winter Monsoon 
Sensitivity level 
Coal constjmption 
Wind direction 
(source to site) 
Himidity 
Temperature 
Rainfall 
High 
High 
Maximum 
High 
Low 
Scarce 
Low 
Low 
Minimum 
High 
High 
Frequent 
The suppressed growth of the selected weeds due to the 
pollution is correlated with distance, age and with a number of 
meteorological factors prevailing at the selected sites. 
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